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IN THREE PARTS 
WHEREIN 


The T_— Practice, and Application of all the 


Inſtruments are perſpicuguſly handled. 
, 3 © & I 


' The 1 and Uſcof a new invented Shipwright” 8 Sector, for readily 
Eins d and Jalineating Ships, whether of ſunilar or duhmilar Forms. 


ALSO 
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29, Tables of the Sun's Dedination, of Mezidional Parts, of difference of Larteade 26d Depar- 


ture, of Logarithms, and of artificial Sines, I angents OTST. 


IF HONGO MURRAY, 
: Shipwright, in his s Majeſty's Yard, — 1 


4 To which is added by way of Appendix, 
An Engliſh Abridgment of another Treatiſe on Naval Architecture, "8 pub- 


- liſhed at Paris by M. Dunamer, Mem. of the R. Acad. of Sciences, Fellow 
of the Royal Society of London, and Surveyor General of the French Marine. 
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ADVERTISEMENT. | 2 
HE ſeveral Branches of Mathematicks treated of in 4 
this Book are expeditiouſly taught by the AuTros, at I 
his Houſe in Deptford where may be had all Sorts of Sli iding 4 
Rules and Scales: As alſo Sectors for delineating Ships, Diagonal 
— S Scales, &c. on Braſs, W. ood, or Paſte-board. Attendance from- 
x to eight every Evening, except FYedneſdays and Saturdays. I 
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HOUGH: ths: art of Ship-building-3 incl he utmoſt 
conſequence to the trade and ſecurity of this nation, 
1 a competent knowledge of the . of it nee .. - & 
_ for every Shipwright, yet I cannot think o Lubeck which ; 
3 has been ſo little treated of in our language. C 

© This'confideration induced me to offer th following ſheets 

to the publick, which, are calculated for the inſtruction and 
improvement of ſhipwrights in the art. of delineating or draw- 

3 ing of 'ſhips, being faul perſuaded that: any ching which may 

I be conducive to "this end muſt be of great ſervice to the pub- 
ncck in general. F therefore flatter myſelf that this attempt 


1 will meet with a favourable reception, though it were to be 7 
= withed it had been undertaken 25 ſome cad of abilities 


greatly ſuperior to mine 
In order to make this treatiſe ab ufcfal. as poſſible, I have 
3 briefly explained the nature of proportion, the principles of 
. 2 geometry, the invention of logarithms, and their uſe in the 
conſtruction of the line of numbers, by Which, I preſume, 
any perſon that is acquainted with common axithpictick? may, 


= with a little application, be able to conſtruct the lines him- 

A _ - and have a clear idea of all the operations by the ſliding 

= rule, in meaſuring ſurfaces and folids ; a method fo 3 

6 and uſeful, that it is univerſally practiſed in meafuring,: all the 
1 | plank 


. 4 BE F 4 C BE; 
plank and timber received into his majeſty's, ks and uſed 


not only by ſhipwrights, but by many other idem, 9 


Joiners, painters, &c. 

The diviſions on the line of numbers, in a plate No. II. are 
taken from the ſcale of, equ Kun in 
is divided in the exaceſt manner, an 
to the reader, not only in comparing the diſtances meaſured 
on the ſcale with the table of logarithms, in order to examine 


how the Hues have: betm aden, bayk alſn in the:ganruden 


of geometrical figures, at any given or eee * | 


be meaſured by it to a very great accuracy. 


Tho” it muſt be that. che principles, of grometsy, trim 
gonometry; logar and their yatious- ies, have been ſuf⸗ 3 
fleiently e by many emibens. authete Nhον have wrote 


on theſe fubjects, yet I thought. it; requiſite: to treat gongiſely 
of them here, as —— to og main defiga, Which is 
to inſtruct the 


neceflary 1 in this treatiſe, I have no occaſion to nefer him to o- 


ther books, with which peqbops be micht not be furniſha i 
I did. 


In the ſecond part, 1 ho cndewraured. to. explain, the | 


method of repreſenting folids upon a plane, with;the ap 


tion thereof to the delineating K ſhips, in which I — given * 


definitions of all the terms and lines made-uſe of in drawing 


I have alſo ſhewn the methods that are generally. practiſed, — 
the difficulties and inconveniences attending them, which 1 


have endeavoured to facilitate by a ſector of my own in- 


vention, conſtructed for that are poſe; a method entirely 


new, and, though deduced from mathematical principles, 


does not reſtrain be artiſt from diplying all: the {kill and 


judg- 


ſame plate, which 
may be of great uſe 


Shipwright to — all his work by wmathema- 
tical rules; and, as he is furniſhed with evexy thing that is 


M r R E r A at 
— he gane en dn ee 


_ 

deſigned. 

"The thitd 5. Shall Men Har 

vigation, With an atalemeria Gries Ih 

rate @ manner, chat by u bende den che — 0 

te any latitude,” dven tb three minutes, and all du ptoblems 
that are uſdally ſolved by che globe may be performed wit 
greater exactneſd by this infirument; I ave alſo ſkewn the 
method of 'conſtrudt the pin and Mercarar's charts, the 
manner of 0 und of finding the latitude 
and variation of the compaſs by veteſtite obfervation;; to which 
I have added cn fn pry of difference of 
latitude and departure, of meridi F 
of — — and fecan 
TD) it 
3 che tables, might 


1 Groud of mak ly 1 -tho 
requiſite i ir hea | contain dem, —— iv bd have been 
my intereſt to have done otherwiſe. 


— Lenne time er the firſt, and moſt of ide Ken park hel 
Preſs, a treatiſe in French on the fame ſubject, 
e BE #u Hummel du Monceun, Member of the 
ieee Sciences at Parir, and b Fellow of the Royal 
iety at London, fell into my hands, and, as F imagined that 
every body would be — of ſeeing what has been wrote 
on Ship- building, by a foreign author of fuch diſtinction, 5 
have added, by way of appendix an abridgment of that work, 
which I doubt not will be agreeable to ſuch as are not ac- 
quainted with the French language, or Fare no opportunity 


of peruſing the original. 
SE I at- 


Pd ; a 
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I flatter myfelf; from the high repute Mop, Du Hamels 
writings have Every where-juſtly os» of tha the additional 
price of 2s. Gd. for the Engliſh 3 of his book on 
Ship- building, annexed to mine, will not be thought much . 
of, when it is conſidered that the original ſells or. 186. 
I cannot conclude this preface, —— acknowledging the 
great obligation I am under to the principal officers and gen- 
tlemen in his majeſty” s ſervice, not only in the yard Hou I 
have the happineſs to be employed, but in ſeveral others, as 
weil as in the navy, for cher Rindneſt in encouraging this 
work, ſeveral of them perſons, whoſe abilities are ſuch, that 
it would be the greateſt vanity in me to imagine they would 
countenance the undertak ing on account of any information 
they could expect to derive from it themſelves; their true 
motives were doubtleſs a conſciouſneſs: of the important: ſer- 
vice of ſuch a piece to young ſhipwriglits, and a generous 
diſpoſition to encourage induſ 

believe it will appear very obvious to every body, that I 
have ſpared no pains or colt in endeavouring to render this 
work as compleat as poſſible, to which end I have ſubmitted 
the mathematical part thereof to the peruſal and amendment 
of a gentleman whoſe abilities in theſe matters would be indiſ- 
putable with the publick, were I permitted to name him. 

The ſucceſs of my labour I reſt entirely on the judgment 
and candour of my readers, by which J muſt ſtand or fall; 
whatever may be the event, I ſhall. always have the ſecret 
ſatisfaction of reflecting, that I have ſincerely aimed at what 
is uſeful, and very much wanted in the Exgliſb language. 
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Of Involution and Evolution of Quantities. 


F a number be multiplied by itſelf, and the product by the ſame + FO 
number, and the new product again by the ſame, and fo on, it is 
ſaid to be involved into itſelf ſo many times, and the ſeveral pro- 
ducts are diſtinguiſh'd into powers of different denominations, of 

all which the original number is called the root; the firſt product being 
its ſecond power or ſquare; the ſecond the third power, or cube; the 
third the fourth power, or biquadrate, &c. Theſe powers are uſually 
denoted by a ſmall figure annexed above the laſt digit of the root. Thus 
12* ſignifies the ſecond power or ſquare of the root 12, being equal to 
144; 12 the third power, or cube thereof, equal to 1728, &c. and ſo 
the ſeveral powers may be orderly expreſſed thus, 12, 125, 12, 12*, &c. 
that is, 12 root, 12x12=144. ſquare, I2x 12x 12 21728 cube, 12412x12 . 
x12=20736, biquadrate, &c. CIO ED 
Square and cube numbers have borrowed their denominations from 
geometrical figures or extenſions, the root .being repreſented by a right 
line, which has but one dimenſion, viz; lengh; the ſquare by a plane, 
or right lined figure of two dimenſions, having equal length and breadth ; 
and the cube by a right lined ſolid ef three dimenſions, having equal 
length, breadth, and thickneſs. 1 
The nature of ſpace admits of no other modes of extenſion, than 
length, breadth, and thickneſs, neither is it poſſible to conceive any body 
otherwiſe to exiſt than under theſe limitationnss. 
That the reader may have a diſtinct idea of the method of FEE 
| | B the 


| 4 | / Inwolution and 7 | Crap. I. 


the ſquare and cube roots, we think it neceſſary to make the following 


remarks on multiplication, and to ſhew how any root, by being divided 


into two parts (or made a binomial) may be raiſee to the ſecond or third 


power, &c. | 


. 


certain that if either or both multiplicand 'and multiplier be divided into 
parts, and all the parts of the one be multiplied by all the parts of the 
other, the ſum of all the products will be equal to the product of the 
whole multiplicand multiplied by the whole multiplier, and this method 
is what is in effect performed by the common rule, when either or both 
conſiſt of more than one ſignificant figure, as will appear by the follow- 
ing examples, vis. 5 
N e 

Let the number 24 be divided into two parts, viz. 20 and 4, and 


multiplied by 4. 


20 + 4 = 24 10 By the common rule 
3 4 4142 16 
80+16 = 96 4K20:= 8... ':.- 


„ 96 
ETON 


Let the number 248 be divided into three parts, vig. 200, 40, and 8, 
and — by 24 or 20-T4- gy" 


| 200 +40 +8 = 248 
5 4 X 200 + 4X40 + 4x8 992 | 


20 X 200 + 20 Xð 40 + 20x8 + 496 


20x 200+ 20 * 40 +20x8 +4 x 200 +4 X40 +4 x8 = 5952 


By the common rule. 
en 32 
4X40 = 160 
4 x 200 = 800 
20x8 = 160 
20 X 40 = 800 
20 X 200 = 4000 


— 


N HD, 


Though there is no occaſion to ſet down the ſeveral products, as in 
the above examples, becauſe the exceſs above the tens may be retained 
in the memory, and added to the next place, which is always the me- 
| | | | | thod 


Since multiplication may be conſidered as a manifold. addition, it is 


4 


Srcr. I. Evolution of QUANTIT1ES. 8 


thod obſerved in practice; yet this will very much aſſiſt us in perceiving 


the reaſon. of the rules for extracting the ſquare and cube roots of any 
numbers, by carefully obſerving the ſteps by which any root is raiſed to 


thoſe powers, as in the following example, viz, F 
Let the root be 24 = 20 + 4. | | 
p 2 | | 20 = 4 
_20+4 
4X20 + 4 x 4 


20 X20 + 4 x 20 


Square, or ſecond power, 20x 20 +4 x 20 + 4 * 20 +4*x41] _ 6 
or 20* + 2x 4x 20 + 4 « © 57 
24 | 
24 
4* 4216 4 42 16 
4 * 20 80 4X 40 166 
4 * 20 80 5 
20 X 20 2 400 20 X 20 = 400 
576 | 570 


It is evident from this operation, that any ſquare number whoſe root 
is divided into two parts, is equal to the ſum of the ſquares of thoſe 
parts, and double their product added together. 5 | 

This obſervation will hold equally true when the root confiſts of more 
than two figures, by repeating the proceſs for every fignificant figure, as 


in. the following example, viz. 
Let the root be 24.35, or 2000 ＋ 400 + 30+ 5 


| 2000* = 4000000 
2 X 2000 x 400 = 1600000 


1], ſuppoſe the root 2400 2 40 = 160000 

binomial parts 2000 ＋ 400 22400 5760009 

2d, root 1 2 X 2400 X 30 = 144000 

binomial parts 2400 + 30 „ 3. = you 

Sol Ss eee 2430" = 5904900 

binomial parts 2430+5 n * 1 
5 * : 


2435" = 5929225 


By this method it is plain, that we find a ſquare for every figure in the 
root, and that in finding the ſquare of the firſt figures, we ſuppoſe all 
the reſt to be. cyphers, and ſo on till the whole ſquare is compoſed by 
the addition of one ſignificant r aſter each operation. a 

| B 2 Note, 


— . 
, — ro ww i Ie In ere eo” T „ 


| W.. 

6 Of Irvelution and Cnae. I. 

Note, That for every figure that is annexed to the firſt figure in the 

root, there will be two in the ſquare; thus, 2* is 4, 20 is 400, 2007 is 

F 40000, 2000* is 4000000, & o. 
In like manner the cube of any number may be found, by dividing 
the root into parts, as in the following example, Vi, % | 


Let the root be 24, or 20+ 4, as before, 


Then the ſquare will be 20 + 2x20x 4 + 4 1, 20 = 8000 
2 20 + 4 root 2d, |3 x 20* x.4 = 4800 
| 20*x 4+ 2 X20X4 +4* © 54, [3x 20x 4 = 960 + 
20% þ 2 x20* 4 + 20x 4 b 142 64 3 
Cube, or third power 20' + Z3Zx20'x4 + 3 xXx 20 X 4 + 4* = cube of 24 = 13824 # 
| Hence it appears, that if any root be divided into two parts, the cube 7 
will be compoſed of the four following ſums, vis. w 
; IJ, The cube of the firſt part. 1 
2d, Three times the ſquare of the firſt part multiplied, by the ſecond i 
art. | 1 1 
; 34, Three times the firſt part, multiplied ” the ſquare of the * 
part. | T7 7% 
4th, The cube of the ſecond part. 4 
If the root conſiſts of more than two figures, the ſame method may 3 
be obſerved as in compoſing the ſquare, by taking the two firſt figures 1 
for one part, and the next figure for the other part, and ſo on till all the 2 
ſignificant figures are brought in. This is fo plain, that we think it need- 2 
leſs to give any example here; and as the only uſe we ſhall make of it 4 
will be to ſhew how to extract the cube root, we ſhall: juſt obſerve un- 4 
der this head, that for every figure annexed to the firſt figure in the root, % 


there will be three in the cube, beſides the cube of the firſt 1 thus, 


2 is 8, 20) is 8000, 200 1s 8000000 &c. 
N 2 


* 


Fr: TR 


| Evolution of Reantities, we 


Volution is the unfolding, or reſolving of any number into the 
parts of which it is compoſed, and is called the extraction of the 
: root of any given power; by means of which, we find a number, that 
being multiplied by itſelf as many times leſs one, as the index of the 
power contains units, will produce the given number. 
In 


* 
3 
18 
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Srer. II. Evolution of QUANTITIES, | TT: 

#7 i - In-orges to this, the method already obſerved; and the ſteps taken in 

55 the involution of the binomial root muſt be carefully attended to, in 
which it will nat be dithcult to diſcern how each part of the root is con- 
cerned in the 8 
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'To Extra. the SquARE Roor. 
As the ſquare was compoſed by multiplication and addition, the root 
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mal be found by diviſion and ſubtraction. | 
4 When the root of any number is required, the firſt thing to be done 
4 is to prepare it, by points ſet over ſuch places as the index of the power 


2 
r 
— 
* 


directs, always beginning at unity, and proceeding towards the left hand, 
it the given number (which we ſhall call the reſolvend) be integers, and 
towards the right hand, in decimal parts; now the index of the ſquare 
being 2, there muſt be a point over every ſecond fignre, as in the fol- 
lowing example, vig. . 


Let the given number be 592922 % 

Having pointed the given reſolvend as above, to find the firſt figure 
take the greateſt root that is contained in the firſt period, which in this 
caſe is 2000, the ſquare of which is 4000000. Subtract this from the 
reſolvend 5929225, and there will remain 1929225, which is called the 
firſt dividend. 

Now this number contains 43 the product of the firſt figure mul- 
tiplied by the ſecond figure, and the ſquare of the ſecond figure, as is 
7 evident from the method, we uſed in compoſing the ſquare. 

2 Divide this dividend, therefore, by double the firſt figure, and the 

b quotient will be the ſecond figure, provided that when it is multiplied by 
double the firſt figure, and the product added to the ſquare of the {econd 
| figure, the ſum does not exceed the dividend. In this example 4000 is 
1 double the firſt figure in the root, and when this 1 is made a diviſor to the "2 
| | dividend, the quotient will be 400. | EF 
In the next place, multiply this ſecond figure by double the firſt, or. | 
FF which is the ſame thing, by the diviſor, and add the ſquare thereof to | 
7 the product, and their ſum will be 176 ſubtract this from the di- | 
3 vidend, the remainder will be 169225, the ſecond dividend. | 

And now we have in effect ſubtracted the {quare of the firſt two fi- 3 
gures; for in the firſt ſtep we ſubtracted 2 000%, and in the next 2x 2000 3 | 

| 
| 


7 r 
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40 οο, all which make 24001. The ſecond dividend will there- 
fore contain double tlie product of the firſt two figures multiplied by the 


ay 


 — third, and the ſquare of the fame third figure. Therefore, e | 
A To find the third w_ 00 che firſt two figures for a diviſor to | 
1 | this - | 
4 
6: 
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this dividend, and the quotient will be 30; multiply this by the diviſor, F 
and add the ſquare of the quotient to the product; the ſum will be 7 
144900. When this is ſubtracted from the dividend, the remainder 18 
will be 24325, the third dividend ; to which there muſt be a new divi- 7 
ſor found by doubling the figures already found in the root, and the quo- * 
| tient will be 5, the fourth figure. And by obſerving the ſame method i 
as before in the operation, there will be no remainder, ſo that 243 5 will | 
be the true root required, vj 
Reſolvend 5929225 2000) 3 
2000 = 4000000 (5 400 . 2425 | * 
17 diviſor 2000 x 2 = — * dividend | a 4 's 
4000 x 400 = 1600000 | 7 
4 400* = 160000 En | AN B 
| 1760000 9 
: 2d diviſor 2400 x 2 = 4800) 169225 2d dividend | | $8 
4800 x 30 = 144000 | ge 1 1 
30 900 | Rr be 
—— 144900 | eee 2h 
3d diviſor 2430 x 2 = 4860) 24325 3d dividend | 
4860 * 5 . 24300 
1 5 — = 25 5 | 

— | 

By comparing this operation with that 'by which the ſhuare number 
5929225 was compoſed as above, the reader will. obſerve, that the ſame . = 
numbers that were there added together to make up that ſum, are hereby 3 
regularly ſubtracted from it. So that this method of diſcovering the 1 

root is only the reverſe of that by which it was raiſed. 5 

We ſhall conclude this head with obſerving, that there is no neceſſity 1 

in practice for annexing all the cyphers to the diviſors and dividends, nor 4 

of ſubtracting the ſquare of the firſt figure from the whole reſolvend ; 4 

but the ſeveral periods which it conſiſts of, may be brought down one at , 

a time, as in the following example, viz, i 

- 291.9 , 4 

* 1 


: 


ror, WL. Eveluaign of ere. 9 
| Refolvend ro p409h 5062442356. root | 
1 416 = greateſt, * in 17 
| if diviſor 82) 257 wp 

| 7 164 = 82 x 2 
2d diviſor 843) 3609 | 

3 2222 = 843 X13... 
* diviſor 8465) 48085 bs 
Wy 42325 = = 8465X5_ 3 ; 
4th diviſor 84706) 576006 my g 
6 508236 = 84706 x 6 | 
51h diviſor 847128) 6777024 - —-. <. | —— 
IRS $47128x58 | 


- N 


n always, that aſter having doubled the root in the quotient 
for a diviſor, we are to enquire how oft it may be had in the dividend; 
ſo as when the quotient figure is annexed to the diviſor, and that increaſed 
diviſor multiplied by the ſame quotient figure, the product may be the 
greateſt number that can be had in the dividend : And ſo proceed from 
period to period till the whole is finiſhed. 

By purſuing this method in extracting the root of the ſquare number 

5929225, the reader will obſerve that the operation is exactly the ſame 


as before, ait the cyphers. | 


To Extract the Cone Roor. 


3 We ſhall obſerve the ſame method i in extracting the cube root, as we 
4 have done already in the ſquare root; that is, by conſidering it as di- 
8 vided into two parts in different operations, ut we have diſcovered all the 
1 ſignificant figures thereof, 
4 Let the number, or reſolvend, whoſe cube root is N be 

; 13824. 

= - When it is properly pointed : as s above, it appears that the x root will con- 

1 fiſt of two figures, 
1 ä The firſt figure in the root will be che greateſt root that can be had in 
the firſt period 1 3000, which is 20; the cube of which 8000, muſt be ſub- 
tracted from the reſolvend, and the remainder will be 5824, for a dividend. 

As we have already ſubtracted the cube of the firſt part 20, this 
number muſt contain three times the ſquare of that alt part mul- 
tiplied by the ſecond ta three times the firſt part 9 9 by | 


the ſquare of the ſecon and the cube of the ſecond part, added 12 
er. 
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ther. Therefore, if this dividend be divided by three times the ſquare 
of the firſt part = 1200, the quotient will be 4, the ſecond figure re- 
quired : Then 3 times 20“ X 4, 3 times 20 x 4“, and 4 muſt be added 
together, and the ſum ſubtracted from the dividend, as in the following 
example, vis. f 5 
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Reſolvend 13824 (24 root _ _. 8 
20% = 8000 2 
Diviſor 3 x 20* = 1200) 5824 
31 200-4 . 
fl 3X 20 x 4* 960 
; 4 ; 4 64 | ＋ 2 | = 
| | | — 3824 * 


* 
1 1 


\ . 1 
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By comparing this example with that which we have given before, 1 
where the binomial root 20 + 4 is cubed, the reader will obſerve, that | 
the very ſame numbers which compoſe the cube 13824, and are there 1 
added together, are here regularly ſubtracted from it. This method of | # 
extracting the cube root, is, therefore, only the reverſe of- that by which 9 
it was raiſed. "SY | ; | bot 9 

We ſhall give one example more, without annexing cyphers to the 
diviſors and dividends. l 


Let it be required to extract the cube root of 948188 16 


94818816 (456 
e e 
1 diviſor 4* x 3 = 48): 30818 dividend 
3 Xx 4 * 5 = 240. | 
3 * 4 X' 5* =-.300, 
5 = 125 
aus - bag: 
2 diviſor 45* x 3 = . 6075) 36938 10 dividend 
3X 45 x © 36450. F | 
inge aB860... 
6* = 216 | 
3693816 
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— 
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4 1 
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It is here to be noted, that the two laſt figures- in the dividend muſt 

be excluded, before we enquire how often the diviſor (which wants two 
cyphers) is contained in it, becauſe when we proceed to find the ſecond 
figure in the root, the firſt muſt be conſidered in the place of tens; and 

wt 5 | when” 
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when we are to find the third figure, it muſt be conſidered in the place 
of hundreds, this will appear very plain by annexing the cyphers in the 
operation. 

As the diviſor found by this rule, multiplied by the new figure in the 
root, is not all that is to be ſubſtracted from the dividend, but alſo three 
times the firſt part multiplied by the ſquare of the ſecond, and the cube 
of the ſecond, as in the foregoing example; it will ſometimes happen 
that the quotient muſt not be taken for the next figure in the root, 
thus, if the dividend 30818 be divided by 4800, the quotient will be 6, 
but 3 x 40*'x 6 + 3x40x6*+ 6*=33330 which exceeds the dividend, 
therefore it will be neceſlary ſometimes to try how much the number 
to be ſubſtracted will amount to by the foregoing rule, before we can 
determine upon the new figure in the root. 

If, as it often happens, a number has not a root that can be ex- 


preſſed by a rational number, place as many pairs of eyphers in the 


fquare, and ternaries of cyphers in the cube, on the right hand of the 
remainder, as you would have decimal places i in the root, and work as 
before, diſtinguiſhing them from the integers by a comma between; and 


thus you may approach infinitely near the exact root. 


Mathematicians have proceeded further in the involution and evolu- 
tion of quantities, viz. to the 4th, 5th, 6th, 5th, 8th, and gth powers, 


called biquadrat, ſurſolid, — cubed, ſecond urſolid, and biquadrat 


ſquared, but as we ſhall not have occaſion to. apply theſe in practice, 


it is ſufficient barely to mention them. 


How to raiſe a given root to any power, or to extract the root out 


of any given power, by the help of logarithms, ſhall be ſhewn when 


we come to treat of logarithms, and their various uſes. 
— 
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HIE whole body of the mathematicks is chiefly concerned in com- 
paring quantities one with another ; their mutual relation is what 
1 is called proportion, which is either arithmetical or geometrical ; and as 
4 quantities may be repreſented by numbers, or lines, we ſhall firſt con- 43 
0 ſider proportion with reſpect to numbers. 
I Arithmetical proportion is, when in comparing two or more numbers, 

| the leſſer is ſubtracted from the greater, the remainder 1s called the dif- 

Fi '  terence; and when ſeveral differences are equal, thoſe numbers are ſaid 

14 do be in an arithmetical proportion to one another. As if We compare 

1 2 to 4, and 4 to 6, and 6 to 8; the difference between 2 and 4 is 2, 
| f equal to the 33 between 4 and 6, and to that of 6 and 8; there- 

| fore, 2, 4, 6, 8, or 3, 6, 4, 2, Or 2, 5, 8, 11, 14, or 14, 11, 8, 5, 2, are 

| ; all ranks of numbers in arithmetical proportion, or in arithmetical pro- 
greſſion continued. 2, 5, 7, 10, are alſo proportionals, for the difference 
between 5 and 2 is the fame as between 10 and 7, but then, becauſe it + 
is not the ſame with the difference betwixt 7 and 5, theſe four numbers 
are ſaid to be in a diſcontinued, as the former ranks are ſaid to be in a 
continued arithmetical proportion, Hence the following inferences. 


3 r n r 
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Tt 1. If three quantities are in arithmetical r continued, the ſum 
Li of the extremes is equal to the double of the mean, as in this, 8, 10, 
W . 12, where 20, the ſum of the extremes 8 and 12, is equal to double of 


the mean 10, J 
2. If four quantities are ſo, the ſum of the extremes is equal to the ſum 


| 4 
1 | of the means. 
\ 1 as 35 55 75 9, here, 2+9g=12andg +7 =12, 
1 3. If never ſo many quantities are ſo proportional, the ſum of the ex- 


4 e tremes is always equal to the double of the middle term, if the number 
of the terms be odd, or to the ſum of any two terms equally diſtant 
from the extremes, as in the following ſeries. 


3 2, 4, 6, 8, 10, 12, 14, 
oy  qg+1I=Sb$x2= 10. 
110 g or 4 +12 = 8 x 2 = 16, &c. 


And this muſt always hold good, becauſe the laſt term comprehends 
the 
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the firſt, together with the common difference ſuperadded, as often as 
the number of its place is diſtant from the firſt term: But the firſt term 
has no addition of the difference at all ; and as the ſecond term has one 
difference or ratio more than the firſt ; the third one more than the ſe- 
cond, &c. ſo the laſt but one has one leſs than the laſt of all; the laſt 
but two one leſs than the laſt but one, &c. whence the ſum of any two 
of theſe equally diſtant from the extremes muſt be. equal to the ſum of 
e extremes, becauſe one increaſes as much as the other decreaſes. 
Therefore, the ſum of any number of terms in ſuch a progreſſion may 
be had, by multiplying the ſum of the extremes by half the number 
of the terms. | | 
To find the ſum of never ſo many quantities in this progreſſion, it is 
only neceſſary that the extremes and the number of terms be given: ſo 
that if by having the firſt term and the common exceſs you would find 
the laſt, it might be done with great diſpatch, by multiplying the num- 
ber of terms, leſſened by unity, into the common excels, and then ad- 
ding the firſt term to the product, 
Thus, if the laſt term of a progreſſion of 73 places were required, and 
the common difference were 4, and the firſt term 3; you need only mul- 
tiply 72 by 4, and to the product 288 add 3, and you have 291 for the 
laſt term in the progreſſion. | | | 
So that if the progreſſion begins with a cypher, which is the moſt . 
natural and ſimple of all, then the ſum of all the terms will be equal to 
the ſum of the extremes multiplied by half the. number of the terms. 
Thus ſuppoſe 
| o, 3, 6, 9, 12, Ig, 18, 21, 24, 27, 30, 33, 36, 39. 


The laſt term 39, multiplied by 14, the whole number of terms, 
gives 546; the half of which 273, is the ſum of all the terms, 

From whence it will follow, that the ſum of all the terms in any ſuch 
progreſſion beginning from o, is half the ſum of ſo many terms, all e- 


qual to the greateſt, 


$8: 


Of GEOMETRICAL PROPORTION, 


 YEometrical proportion is when in comparing two or more numbers, 
one is divided by the other, the quotient is called the ratio; and 

when ſeveral ratio's are equal, the numbers are ſaid to be in a geometrical 
| C 2 pro- 
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proportion; thus, 2:6:: 5: 15 are proportionals ; for 6 divided by 2 is 3, 
and 15 divided by 5 is 3, and ſo the ratio's are equal, When two numbers 
are compared, the former is called the antecedent, and the Jatter the con- 
ſequent ; but when more than two are compared, they are called terms, of 
which the firſt and laſt are called extremes, and all the intermediate ones, 
means. In order to know whether numbers be proportionals, it is only find- 
ing the ratio of each pair, and here it will be indifferent whether the ante- 
cedents or conſequents of every pair be made diviſors, as in the preceding 
numbers 2:6::5:15, if 2 the antecedent be divided by 6, the conſe- 
quent, the quotient is , and if 5 be divided by 15, the quotient is 3, fo 
the ratio's are equal, as before when the antecedents were made diviſors. 

When in a rank of numbers they increaſe in a geometrical proportion, the 
ratio will be a common multiplier, and is found by dividing any one of the 
conſequent terms by its antecedent, for ſo the quotient will be the ratio, 


4 3, 9, 27, 81, 243, &c. Here the common multiplier iS 3. 
2, 4, 8, 16, 32, &c. Here the common multiplier is 2. 


It is plain that if either of theſe antecedent, terms be multiplied by the 
ratio, the product will be its conſequent. 
When a in rank of numbers they decreaſe in a geometrical proportion, 
the ratio will be a common diviſor, and is found by dividing any one of 
the antecedent terms by its conſequent. 


* as $245» 81, 27, 9, 3, &c. Here the common diviſor is 3. 
32, 16, 8, 4, 2, &c. Here the common diviſor is 2. 


In like manner, if either of theſe terms is divided by the ratio, the 


quotient will be the next term in the progreſſion, 


If in comparing ſeveral numbers together, we find the ratio of the firſt | 
and ſecond, to be the ſame with the ratio of the ſecond and third, third 


and fourth, fourth and fifth, and ſo on; thoſe numbers are in a geome- 
trical proportion continued. hs 4 

If in comparing four numbers together, we find the ratio of the firſt 
and ſecond to be the ſame as. the ratio of the third and fourth, but that 
the ratio of the ſecond and third is not the ſame ; thoſe numbers are 
called diſcontinued proportionals, as 2:4::6: 12, for the progreſſion 
itops here at 4. 

The manner of expreſſing continued proportionals is by ſeparating the 


terms by two points, as 2: 4: 8: 16: 3a, &c. but in diſcontinued pro- 
portionals the terms where the progreſſion ſtops are ſeparated by four 


points, as | 
one: MIS1 711 $63 635 107 &-.* 


If 
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f PROPOSITION 1. 


If three numbers are in a geometrical proportion, the product of the 
extremes will be equal to the product of the middle term multiplied in- 
to itſelf, or which is the ſame thing, ta the ſquare of the middle term. 


As in theſe numbers 2, 6, 18. 
2x 18 =6x 6 = 36. 


PROPOSITION II. 


If four numbers are in geometrical proportion, (whether continued of 
diſcontinued) the product of the extremes will be equal to the product 
of the 2 means, 

N Let the numbers be 5 : 10: : 6 : 12 . 
5 * 12 = 10 x 6 = 09 
or 5: 10: 20: 40 
g X 40 = IO x 20 = 200 8 


From theſe two propoſitions the following inferences may be drawn, vi. 

T/?, If the product of any two numbers is equal to the ſquare of a 
third, thoſe three numbers are in geometrical proportion continued. 

2d, If the product of any two numbers is equal to the product of any 
other two, thoſe four numbers are proportionals, and the numbers multi- 
plied into each other will be either 2 means, or 2 extremes, as in the 
following examples, vis. | | 


2xX16=4x8 = 32 
163242115 
4: 16 :: 2: 8, &c. 


or 8 x12=b x 16296 
8:62: 16: 12 
6:12:78: 16, &c. 


PROBLEM I. 


To find a mean proportional between any bai gue numbers, 

Note, By a mean proportional we are to underſtand ſuch a number as 
if multiplied by itſelf, the product will be equal to the product of the 
two given numbers. | N 5 

Rule, Multiply the given numbers by one another, and extract the 
ſquare root of the product, that root will be the mean required. Fe 
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Example, Let the given numbers be 3 and 27. 


3x 27 81 the ſquare root of which is 9 the mean required, 


P.R.O-B LEM... H, | 
To find a fourth proportional: to the three given numbers; ſo that the 


ratio of the third and fourth may be equal to the ratio of the firſt and 


ſecond. 
Rule, Multiply the ſecond number by the third, and divide the pro- 
duct by the firſt, the quotient will be the fourth number required, 
Example, Let the given numbers be 2:6::7 | 


6x7==42, and 42 + 2= 21, the fourth number required. 


The reaſon of both theſe rules is evident from the two foregoing pro- 


politions, for where there are three numbers given to find a fourth, though 
the fourth is not known, we know that the product of it when multi- 
plied by the firſt will be equal to the product of the ſecond and third 
numbers, (per prop. II.) therefore, if that product is divided by the firſt 
term, the quotient will be the fourth number required. This is the 
foundation of the rule of three, which we ſuppoſe the reader acquainted 
with already. 2885 
In finding a fourth proportional where three numbers are given, the 
two firſt give the ratio, and the queſtion as to the fourth proportional 
concerns the third number. IS flew: * 04:4 
Direct proportion is, when the greater the term is by which the queſ- 
tion is made, the fourth term will be alſo the greater; and the leſſer that 


term is, the fourth will alſo be the leſſer. 


Reciprocal, or inverſe proportion is, when the greater the term is by 
which the queſtion is made, the fourth will be leſſer, and the leſſer that 
term is, the greater the fourth. | 

Continual proportion, thus expreſſed, , is, when all the terms be- 
tween the firſt and the laſt are both antecedents and conſequents in the 


fame proportion. 


Example, 8, 12, 18, 27, are ; for 8:12::12:18::18: 27. 
Wherefore in ſuch ſeries, the laſt term ſubtracted from the ſum of all 
the terms will give the ſum of all the antecedents, and tae firſt term ſub- 


tracted from the ſaid ſum will give the ſum of all the conſequents. 


If four quantities be proportional, they will alſo be ſo alternately, in- 
verſely, in compoſition, in diviſion, - converſely, and mixtly, 


Ex- 


SrcT. II. PROPURTTON, 


17: 
7 


. . 

„ 1, eee An C1 D in numbenm 12:9: 8:6 

2, alternately A: C:: B: D. 12:8 :: 96 

2, inverſely B: C:: D: A. 9822612 

4 4, in compo-FA+B : B:: D. :21:9:: 14: 6 
| ſition AC: C:: B 241626 
OY { | LY in divi- A— B: B: : C : D. Biene 
ſion, 1 A-: C:: B 4:0: 3:6 
A:: AT:: t: . 

6, converſe-J) ,, — — 1 3822 

ly OG. CAE Provo, 

| YO way 44 923 

7, mixt- AT BARS TDS D ar 114 


ly ATC: A- C:: B＋D: B— D. 20 ; 4::15:3 


All theſe are evidently proportionals, the product of the extremes be- 
ing equal to that of the means, excepting the inverted, wherein the pro- 
duct of the firſt and ſecond term is equal to that of the third and fourth, 
which is a property peculiar to that kind of proportion, | 


FRO. OSIT 1-0: ME 


If the product of any two numbers is divided by a third, the quotient 
will be a fourth proportional, the diviſor will be the firſt, and the num- 
bers multiplied into each other the ſecond and third terms in the pro- 

I; greſſion, 
ly Example, Let the given numbers be 5 and 8, and their product be di- 
i vided by 10, a third number: | —_ 


6X-8 = 40 ＋ 10 = 4. 


Therefore, 10: 5:: 8: 4 (by inference 2d) for the product of the 
means is equal to the product of the extremes. | 


— — -  — — — we 


PROPOSITION IV. 


When two numbers are multiplied into one another, they may be 
made mean proportionals to other two numbers, of which 1 muſt be 
the firſt, and the product of the two numbers will be the laſt or fourth 


term. 
Example, Let the given numbers be 6 and 8. 


It will be 1: 6: : 8:48 =6x8=1 x48. Hence in multiplication, FR 
, | S | 


8 PROPORTIO cur. IE 


N. 
As nis to the multiplier, ſo is the mukiptioand to the product; and 
in diviſion, as the diviſor is to 7, ſo is the dividend to the quotient. 


"PROPUNFTTTOHM 


If any two numbers be multiplied, or divided by any fame third num- 
ber, the products or quotients will be proportional to the numbers ſo mul- 
tiplied or divided. Let the numbers be 2 and 4, each to be multiplied 
by 3; then 3x 2 =6, and 3x4==212, and 2:4::6:12; or if 18 and 
1.5 be divided each by 3, the quotients will be 6 and 5, and 18: 15::6: 5. 

The powers or roots of proportionals will likewiſe be proportionals, 


2:4::3:6 root 
4:16::9: 36 ſquare 
8:64::27:216 cube 


Hitherto we have conſidered the doctrine of proportion, only with re- 
ſpect to numbers; but as any quantity may be repreſented by numbers, 
all that has been ſaid with regard to them may likewiſe be applied to any 
thing that can be augmented or diminiſhed. A line of 2 font long has 
the ſame proportion to a line of 6 feet long that the number 2 has to 
6, but the method of finding the proportions of lines, &c. to one ano- 
ther requires the knowledge of the principles of geometry, which ſhall 
be the ſubject of the next chapter, 
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CHAP M. K C T. 1 


Of GEOMETRY. 


to one another, without conſidering their relation to any 
particular quantity, ſo in geometry we ſhew how to compare 


quantities to one another, and find their proportions without a- 


rithmetical calculation. 


Geometry may therefore be fitly called, The ceiente of exe . 


tenſion abſtractedly confidered, without any regard to matter, 


GromrrRIcaL DEFINITIONS, 


De,. 1. Quantity i is any thing that can be augmented. or dimi- 


niſhed, and may comprehend extenſion, weight, motion, &c. 
for one may be taken as greater or leſſer, heavier, or lighter, 
ſwifter, or flower, in relation to another, of things of the 
ſame kind; but there can be no compariſon between quantities 
of different kinds; ; as hours and miles; for an- hour is neither 
greater nor leſs, heavier nor lighter, &c. than a mile. 

Def. 2. All things that are capable of extenſion are to be con- 
hdereg-pither 3 as lines, ſurfaces, or ſolids, 


Def! 3. A line is a quantity of one dimenſion, where the 
length only is conſidered, 


Def. 4. A ſurface is a quantity conlidered under two dimen- 


ſions, vi. length and breadth. 

Def. 5. A ſolid is that which has three dimenſions, viz. length, 
breadth, and thickneſs, theſe two laſt are ſometimes called height 
and depth, 

Def. 6. A point, in the mathematical ſenſe, and in reſpect of 
continual quantity, is that wherein neither of the foregoing di- 
menſions are conſidered. It therefore conſiſts of no parts; for 
then it would be a ſolid, ſurface, or line, It is analogous to an 
inſtant in time, which partakes neither of the paſt or the future. 
The centers of circles, &c. in diagrams are not mathematical 
points, but ſenſible objects whereby the underſtanding, conſider- 
ing them abſtractedly, is aſſiſted in mathematical ſpeculations. 


D Def. 
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A in arithmetick we treat of ben by comparing chem 
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Plate Def. 7. Parallel lines are ſuch as are every where equally diſ- 
l. tant from one another, as A B, and C D; for if the lines A C, 
Fig. 1. and B D, are equal, and are the ſhorteſt that can be drawn from 
the points A and B, to the line C D, the right lines A B, and 
C D, if infinitely produced, would be always equidiſtant, and con- 
ſequently would never meet ; but if B D were ſhorter or longer - | 
than A C, the lines if produced would meet. it 
Fig. 2. Def. 8. An angle is the inclination of two lines that meet in a 
point, ſo as not to conſtitute one ſtrait line, and this will be 4 
the caſe of all ſtrait lines that are not parallel, as the lines A B, F: 
and CD, if they are produced ; they will meet in the point O, 
which is called the angular point ; the lines that form the angle 
are called the legs of the angle. - 
The quantity of any angle is not determined by the length of 
the legs that form it, but by the diſtance of any two points, 
one of them in one leg, and the other in the other, both equal- 2» 
ly remote from the angular point ; now the greater this diſtance A 
is, the greater will be the angle, and if there are two angles, as 
AOC, and ao c, and if OB, OD, 95, o d, are all equal to 
one another, then the angle A O C will be greater than the angle 
ao c, becauſe the line 5 d is ſhorter than the line BD, and 
when theſe diſtances are equal, the angles will be equal. 
All ſtrait lines are meaſured by a rule, ſtaff, or ſcale of e- 
qual parts, as inches, feet, yards, &c. but angles are meaſured 
by arches of circles. | 18925 | 
Fig. 3. Def. 9. Angles that are form'd by any line drawn from any 
point obliquely to another line, are called oblique angles ; and. 
thoſe angles that are form'd by drawing a line from any point 
directly the ſhorteſt way till it meets any right line, are called 
| right angles, 985 3 | 
Fig. 4 Def. 10. A perpendicular line is the ſhorteſt that can be drawn 
from a given point to any given line, that is, when the right line 
A C, ſtanding upon the right one B D, leans unto neither part, 
and makes the angles AC D, A CB on both fides equal; thoſe 
angles Ly called right ones, and the line A C is perpendicular 
to D B. | 
_ Hence it is evident, that if in the line DB any two points, 
s, t, be taken equally diſtant from C, and any point, /, in the 
line AC, be equally diſtant from theſe two points, s, r, then will 
the line A C be perpendicular to D B. 5 0 
nh Def. 
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Def. 11. A circle is a plain ſurface contained within one continued Prarx 


curve line, called the periphery, or circumference; and is drawn 


21 


I. 


by fixing the point of one leg of a pair of compaſſes in any aſ- Fig. 5· 


ſignable part of a ſurface, and carrying the point of the o- 
ther leg round till it arrives again at the place from whence it 
began to move : The fixed point is called the center, and is e- 
qually diſtant from all points in the circumference deſcribed by 
the other leg. | 121 1 ds 
Def. 12. The radius or ſemi-diameter is a ſtrait line drawn 
from the center to any part of the circumference, of which there 
may be an infinite number all equal to one another. | 
Def. 13. The diameter is a line drawn through the center till 
it meets the circumference bothgyays, and is therefore always 
double the radius ; there may be an infinite number of diameters 


all equal, they all interſect one another in one point, which 


is the center; ſo that when the interſection of any two 
diameters is found, the center of the circle is likewiſe found. 
The diameter is the longeſt ſtrait line that can be drawn with- 
in the circle. | | 


Def. 14. A chord is a ſtrait line leſs than a diameter, 


drawn within the circle from any one point to another, both in 
the circumference, and cuts the circle into two unequal parts, 


called ſegments, __ 
Def. 15. An arch is any part of the circumference; 


If a circle be cut by a diameter, the ſegments - are equal, 


and are called ſemicircles; and if a radius be drawn perpendicular 
to a diameter, it will divide the ſemicircle into two equal parts, 
called quadrants, each containing one quarter part of the whole 


circle, The ſpace contained between two. radii and an 


arch, is called a ſector. 


What an arch wants of a ſemicircle is called the ſupplement 


of that arch, and what it wants of a quadrant is called the com- 
plement thereof. | 

Def. 16. When an arch is the 360th part of the circumference 
it is called a degree; the Goth part of a degree is called a mi- 
nute; the 6oth part of a minute is called a ſecond ; and the 6oth. 
part of a ſecond is called a third, &c. 5 

It is by theſe degrees and minutes that all angles or arches are 
meaſured, in order to which it muſt be obſerved, that the cir- 


cumference of every circle, whether great or ſmall, is ſuppoſed: 
D 2 to 


— 
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GEOMETRY Crap. III. 


to be divided into 360 degrees; but the length of the degrees 
of a ſmall circle will always be leſs than the degrees .of a large 
one in proportion as the radius of the one 1s leſs than the ra- 
dius of the other. | | 

To illuſtrate this, draw four ſemicircles from the center C; divide 
the outer one into 180 equal parts; now it is very plain that if 


ſtrait lines are drawn from each of theſe diviſions to meet all 


at the center, they will paſs through all the inner ſemicircles, and 
fo divide them into the ſame number of degrees. 

A circle may be conceived to be formed by the motion of a 
trait line, for if one end be faſtened at the center, the other 
end carried round till it returns tothe ſame point where the mo- 
tion began will deſcribe the circumference ; and if ſeveral points 
are taken in the line, as at a, &, d, /, they will each deſcribe: cir- 
cumferences of circles, and Ca, C , Cd, Cf, will be the ſe- 
veral ſemidiameters : this line 1s repreſented by a thread faſtened 
at the center; draw the diameter A C B, this thread by its mo- 
tion from the point A to the point 180 will form all the va- 
rious angles that can be made by two ſtrait lines, and will al- 
ways make two angles with the diameter; from this deſcription 
the following inferences may be deduced, vig. 

Inf. 1. The greateſt angle that can be made by two right lines 


will be leſs than 180 degrees, for if the thread be drawn through 


the point A, it will then lie upon the diameter A B, and make 
no angle with it, but if carried to 20, the angle from A will be 


20 degrees, and the angle from B will be ſo much leſs than 180 


degrees, vis, 180 —20 = 160; and as it is carried through the 
points 30, 40, 50, 60, 70, 80, the angle from A increaſes, and 
that from B decreaſes ; when it comes to go, both angles will 
be equal to go degrees, and in this poſition the thread will. be 


perpendicular to the diameter; after it paſtes 90, the angle from- 


A will ſtill be increaſing, and the other decreaſing till the thread 


comes to the point B, where it again falls in with the diameter,, 
and makes no angle; and. as the arch from A to B is à ſemicircle, 
and contains 180 degrees, it is impoſſible to make an angle of 
180 degrees by two ſtrait lines. 

inf. 2. A right angle contains go degrees, and the two lines. 
that form it are perpendicular to each other; if theſe lines are 
produced they, will make 4 angles, each go degrees 
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II,. 3. If a right line ſtands upon another right Ene, and PAR 


wakes two angles with it, thoſe two angles will be equal to two 


will be equal, by the preceding; if the line is oblique, as from 
any point in the circumference to the center, except the point 
go, ſuppoſe from 40 then from A to 40 is the meaſure of one 
angle, and from B to 40 is the meaſure of the other angle, but 
the ſum of theſe two is 180 the angle from A to 40 is as much 


leſs as that from B is more than go degrees; the firſt is called an 


acute, and the laſt an obtufe angle. | 

Inf. 4. If one of the two angles formed by the meet- 
mg of two lines is known, the other may be found by ſubtract- 
ing the known angle from 180 degree the remainder . 
the other angle. | 

Jnf. 5. If ſeveral right lines are drawn fo as to meet in one 
point in another right line, the ſum of all the angles will be 18 
degrees, and the' ſum of all the angles that can be made round 


a point will be 360 degrees. 
If. 6. If there are ſeveral equal chords in the ſame eirels, the 


_ arches fubtended by theſe chords will. be equal. 
Def. 17. A triangle is a ſpace contained within three lines, Fig. 
which by their meeting form three angles: When the three lines 7. 8. 


are ſtrait, it is called a rectilineal triangle; when they are 
arches of the ſame circle, it is called a ſpherical triangle; when 
the three ſides are equal, the triangle is called equilateral ; when 
only two are equal, it is called ifofceles; and when all the three 
ſides are unequal, it is called ſcalene. 

Def. x8. Quadrilateral, or four ſided figures are uch 1 as are 
limited by four lines forming four angles. Such as arc reCtilineal 
are either parallelograms or trapezia. 

Def. 19. A parallelogram is a figure whoſe oppoſit ite ſides are: 
equal and parallel, of which there are four kinds, viz. a (quare, 
a reQangle, a rhombus, and rhomboides.. 


J. 


right ones, or 180 degrees; For if the line is perpendicular, they Fig. 55. 


6. 


Def. 20. A: ſquare is a figure limited by four equal des, all Fig: g. 


perpendicular one to another, as A BCN; that is, a quadrilateral, 
figure, whoſe ſides and angles are all equal, is called a geome- 
trical ſquare. 


Def. 21. A rhombus is a figure that hath four equal ſides, but Fig. 10. 


no right angle, the oppoſite angles being equal, VIZ, EG EP > i 
and GEF2=GHF, but all oblique. . 
Def. 2 2.23. 
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Plats Def. 22. A rectangle, or a right angled parallelogram, hath four A 
I. right angles, and its oppoſite ſides equal and parallel, vis. I 
Fig. I. IM KL, and IK = ML; this figure is often called an ob- 
long, or long ſquare. 
Def. 23. A rhomboides is an oblique-angled parallelogram, 
and the ſides that form the angles are unequal... 
Fig. 13. Def. 24. Every quadrilateral figure that has neither oppoſite 
ſides, nor oppoſite angles equal, is called a trapezium. 1 

A right line drawn from any angle (as D) in a four ſided fi- 1 
gure to its oppoſite angle (B), is called a diagonal, and d- 
vides the figure into two triangles (ABD and BC D). _ 

Def. 25. A polygon is a figure that hath more than four ſides. A 
and may be either regular or irregular. 4 

Fig. 14. Def. 26. A regular polygon has all its ſides and angles equal, : 
and may be inſcribed in a circle, and all the angular points (a, 1 
b, c, d, e, /) will touch the circumference, 

Regular polygons derive their-names from the number of their 
ſides or angles at the center of the circle they are inſcribed in; 
thus a polygon of 5 ſides is called a pentagon, of 6-fides a hex- 
agon, of 7 ſides a heptagon, of 8 ſides an octagon, &c. 

Fig. 1 3. Def. 27. An irregular polygon has many unequal fides, ſtand- 
ing at unequal angles, as AB C DEF G. : 

All irregular polygons may be reduced to regular figures, by 
drawing diagonal lines in them ; thus the polygon ABC DE FG, 
the diagonals G B, BF, FC, and CE being drawn, will be 
reduced to five triangles, vis, ABG, GBF, BFC, FCE, and i 
CDE. 9 
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GEOMETRICAL PROPOSITIONS. 


PROPOSITION I. Prone, 


Fig. 16. Fl given point in a right line, (as 0), to make an angle 
equal to a given one, (AB C.) | 

Open your compaſſes to any convenient diſtance, and from B 

as 
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as a center, deſcribe an arch, as s 7; with the ſame extent de- Pl ATE 
ſcribe the arch Fg, from the center o; then take the chord s fin I. 
your compaſſes, and ſet it off from F to & in the arch f g, and 
draw the line o &, and ſo the angles AB C, and 4 %, will be 
equal. 2 £1.21.) os 6643 \ BS 

2 Hence an angle of any number of degrees may be made, for | 

if with the radius of any divided circle we: deſcribe an arch (as 

n) from the point C, as center, in a right line, as C B, and 
then take the quantity of the given angle (ſuppoſe 20 degrees) 
from the divided circumference of that circle by whoſe radius the 
arch was deſcribed, and ſet that off upon the arch from / to , 
and draw the line C mn, M C will be the angle required; this 
in effect is making one angle equal to another given one, for 

any angle may be found in the divided circle by drawing two ſe- 
midiameters to two points of diviſion, including the meaſure 
thereof in the circumference. | ; 

If the angle is already made, deſcribe. an arch as before to 

meet both ſides of the angle, the extent of this arch meaſured 
upon the divided circumference will give the quantity of the 
angle. | | 


PROPOSITION II. TrroRrtm. 


If two right lines interſe& or cut one another, the oppoſite Fig. 17. 
angles will be equal; the contiguous angles, as 2 and c, taken toge- 
ther will make 180 degrees (by In,. 3, Def. 16), but if inſtead of 
c we take d, the ſum of the angles à and d will likewiſe be 180 
degrees, therefore c and 4 muſt be equal; for the ſame reaſon, as 
the angles c or d, added to the angles à or þ, will make 180 de- 
grees, it will appear that thoſe oppoſite angles are likewiſe equal. 

I 0 illuſtrate this by numbers, let the angle @ be zo degrees, 
this ſubtracted from 180 will leave 1 50, for the angle c, and the | 
angle d will likewiſe by the ſame method be found 1 50, then 
150 ſubtracted from 180 will leave 30 for the angle . 


Y 


PROPOSITION III. TuxonrA. 


If a right line G H interſects two parallels, A B and CD, the Pig. 18. 
oppoſite angles G E B, C F H, will be equal. Sg 
To prove this, as the lines A B, and CD, are parallel by con- 
ſtruction, they may be conſidered as one broad line, 9 
| the 
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PLATE the line G II, then the Arigtes G E B, 11 C FH, will be e- 


. 


Fig. 19. 


Fig. 


qual by the preceding, and if the angles are equal, che lines will 
be parallel; for ſuppoſing A B not parallel to C D, let the line 
L M be drawn, and ſuppoſed parallel to C D, then will the angle 
GE M be equal to CF H; but this was ſuppoſed equal to 
G E B, therefore G E M = GE B, which is impoflible. 
In. 1. If a right line, G H, cuts ſeveral parallels, AB, C D, 
E P, I K, it will make all the inward angles on the fame fide 
of the line equal, that is, the angles 1, 2, 3, will all be equal to 


the angle G RB, and therefore will be equal to one another; 


this will likewiſe hold true with regard to the angles 4. 5, 65 for 
they will all be equal to the angle A RG. 

Inf. 2. The alternate oppoſite angles will likewiſe be equal, 
that is, the angle AE H will be equal to D F G, which may 
be thus proved, G E B: is equal to C F H, by this propoſition; 
it is alſo equal to AE H, by prop. II. therefore, A E H 18 dvs 
o CF II, and C FH equal to en 
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If the diameter or radius of a circle cuts any chord into two 
equal parts, it will be perpendicular thereto,” and a perpendicular 
cutting a chord into two equal parts will 'pals — the 
center. | 

Let 6 be the iniddle of hs chord A B, Ae which draw 
the radius C D, draw alſo the dotted lines CA and C B, thoſe 


lines (by Def. 12.) will be equal, the points A and B are equal- 


ly remote from & by ſuppoſition, and therefore the line C is 
perpendicular to A B (by Def. 101) 
Let 6 be the middle of the chord, and C 35 perpendicular to 
; I fay it muſt paſs through the center, for ſuppoſe it paſſes 
— the point /, then the lines FA, and f B, would not be 
equal, therefore the line f B would not be perpendicular to AB, 
which is contrary to the ſuppoſition. 
11f. 1. The perpendicular that divides. the chard into two e- 
qual parts, alſo divides the arch into two equal parts, for the 
line D being ſuppoſed perpendicular to A B, the chords D A 
and D B will be equal, and; therefore the arches will be equal. 
Luf. 2 If two chords arè biſſected by two perpendiculars, thoſe 
perpendiculars will interfe& one another in the center of the circle, 
PROP, 


SECT. II, 6 E 2 M E T R * 
\ 

PROP. V. Trxrzoren. 
If a right line AD be drawn to touch the circumference in 


the point B, and from that point the chord B F be drawn; the Fig. 2. 


angle AB F, made by the chord and tangent A D, is 
| meaſured by half the arch FE B, of which B F is the chord. 
To demonſtrate this, draw the radius C E perpendicular to 
the chord B F; this will biſſect the chord and arch (by the pre- 
ceding); fo B E is half the arch FE B, and is the meaſure of 


2 
* * 
F % 


Ai: 


I. 


the angle BCE; all that remains to be proved then is, that the 


angles ABF and BCE are equal. 
Draw the radius C-B to the point B, which will be perpen- 


dicular to the line AD, becauſe the radius is the ſhorteſt line 


that can be drawn from the center to the circumference ; there- 
fore the angle AB F, together with the angle FB C, will be go 
degrees: Draw the diameter L G parallel to the chord F B, which 
will be perpendicular to E C; therefore the angles E C B, and 
B CL, taken together, will alſo make go ; but the angles B CL. 
and FBC are equal, being alternate to the parallels B F and 
G L; and if each be ſubtracted from go degrees, the remainders 
ECB and ABF will be equal. 

Joo illuſtrate this by numbers, let the arch FE B be 80 de- 


grees; then the arch E B will be 40 degrees = the angle at the 


center (7); and becauſe the angle E CL is go degrees, the angle 
4 muſt be 50 degrees; again, the lines F B and G L being pa- 
rallels, and the line C B crofling them, the angles 4 and d are 
alternate; the angle d muſt therefore be 50 degrees = a; now as 
the angle ABC is go degrees, the angle AB F muſt be 40, 
which is half the arch FE B. 

In like manner the angle FB D will be meaſured by half 
the arch FG H LB; for. the line FB makes two angles 


with the line A D, therefore (by Inf. 3. Def. 16.) the angle 


FB D will be 140 degrees, which is half the arch FG H LB, 


for the arch FE B is 8 o degrees by ſuppoſition, which ſubtract- 


ed from 360, the whole number of degrees in a circle, there re- 
mains 280 for the arch FG H L B, the half of which is 140. 

This propoſition ought to be well attended to, for the follow- 
ing propoſitions will be clearly demonſtrated by it, 
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Fig. 23. 


qual, chat 3 is, the angle at B 1s equal to 
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PROP. VI Trrortm. 


An angle at the circumference of a circle is meaſured by half 
the oppoſite arch ; that is, the angle B A 0 is meaſured by half. 
the arch B D C. 

To demonſtrate this, draw the line G F to touch the circle at 
the point A, then the three angles GAB, BAC, CAF, taken 
together will make 180 degrees (by Inf. 5. Def. 16. ); the three 
lines BA, AC, C B, divide the whole circumference into three 
arches, BE A, AI C C DB; therefore the halves of thoſe 
arches added together will make 180 degrees; but BAG is mea- 
fured by half the arch B E A, and the angle FAC is meaſured 
by half the arch AI C (by the preced.) and what remains to 
compleat the 180 degrees is half of the arch C D B, which muſt 
therefore be the meaſure of the angle BAC. 

Inf... The three angles of any rectilineal triangle added to- 
gether will make 180 degrees; for being inſcribed in a circle, the 
ſides will be chords, and will cut the whole circumference into 
three arches, the halves of which arches are the meaſures of 
their oppoſite angles ; the angle at A is meaſured by half the arch 
B D C, the angle at B by half the arch A I C, and the angle 
at C by half the arch AEB. 

Inf. 2. The angle at the center is double the angle at the cir- 
cumference, if they ſtand upon the ſame arch ; the angle at the 

center O is meaſured by the whole arch B E A, and is therefore 


double the angle at the circumference at C, which is meaſured 


by half the ſame arch. | 

Inf. 3. If ſeveral angles are made at different points of the 
circumference, and all ſtand upon the ſame arch, they will all 
be equal ; and if the arch is a ſemicircle, they will all be right 
angles. 

The angles at the points q Þ m are all equal, becauſe they 
ſtand upon the ſame arch AEBDC; and the angles at the 
points 3,4, 5, 0, are all go degrees, becauſe they all ſtand upon the 
diameter A D, which divides the circumference into two equal 
parts, and therefore 180 degrees each. 

Inf. 4. In an Iſoſceles triangle, the angles at the baſe are e- 

; angle at C. 

N. B. By the baſe of an iſoſceles triangle is meant the ſide 
which joins the two equal ſides. 
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In an equilateral triangle all the three angles are equal, Prarx 

Inf. ;. If in two triangles two ſides of the one be equal to I. 
two fides of the other, each to each reſpectively; and if the an- Fig. 24. 
ole formed by thoſe two ſides be alſo equal, their baſes and the 
other two angles will likewiſe be equal. ; 

In the triangles ABC, and D EF, let the ſide A C be equal 
to D F, the ſide A B equal to D E, and the angle at A equal to | 
the angle at D; then the angle at E will be equal to the angle * 
at B, and the angle at F equal to the angle at C, and the ſide — 
F E equal to the ſide C B; for let each be inſcribed in a circle; TP 
becauſe 'the angles at D and. A are equal, the arches on which 
they ſtand will be equal, of which FE and C B are the chords, 
and therefore they muſt be equal; and the chords D F and A C, 
being equal, the angles E and B muſt be equal; and the ſame 
may be ſaid of the angles at F and C. | 


This demonſtration ſuppoſes the circles to be equal, which may be 


thus proved : The arch ſubtended by the chord B C, and that 
ſubtended by the chord E F, contain the ſame number of de- 
grees, pecaufe the angles at A and D are equal; the other two 
arches ſubtended by the chords AB and AC, will contain as 
many degrees as thoſe ſubtended by the chords D E and D F; 
but theſe chords are equal; therefore, the arches, and of conſe- 
quence the circles, are equal, | 


In,. 6. If in two triangles two angles of the one be equalſto two 
angles of the other, each to each reſpectively, and a ſide of each op- 
polite to the ſame angle be alſo equal, the triangles will be equal in 
all reſpects; and if all the reſpective ſides of any two triangles are 
equal, their angles, and conſequently all their parts, will be equal. 


3 


PRO P. VII. Turok RR. 


If between two parallel lines AB and CD, any two lines, as Fig. 1. 
Im, r 5, are parallel to each other, thoſe lines will be equal, and 
the diſtances between the points of interſection 71, /m, will lie- 
wiſe be equal. | F 

To demonſtrate this, draw the perpendiculars / n, t, which 
(by Def. 7.) will be equal; the angles at # and ? being botly 
right, are likewiſe equal; the angles at F/ and m are alſo equal 


(Y Inf. 1. Prop. 3.) therefore the triangles t, and / m n, will 


be equal in every reſpect, (by Inf. 6. of the preceding) the ſides, 
2 1 | E 2 there- 


2 


S EOMHMETR ZI Cap, III. 


Prarz therefore, I m and # 5 will be equal; and if to the equal fides 


mn, St, be added the linens, 5 and & n will be equal; but 


Fig. 25: fn is equal to Ir; therefore Ir and 5 m will be equal, 


PROP. VIII. Trrorxem 


In any triangle as A B C, if the ſide A B be produced to D, 
and A D is double of AB; if the line D E is drawn parallel to 
to B C, then will AE be equal to twice A C, and D E equal 
to twice B C. 

To demonſtrate this, draw the line C F parallel to AD; then 
CF will be equal to B D (/ Prop. 7.) = AB by ſuppoſition 
the angle CFE is equal to the angle A B C; for the angle at D 
is equal to either of them (by Inf. 1. Prop. 3.) and the angle at 
A is equal to that at C; therefore the triangles AB C and C FE 
will be equal in all reſpects, viz, CE AC, FE =BC= 
DF, and CF = AB. | $4 

After the ſame manner it may be proved, that if A D con- 
tain A B any number of times, A E will contain AC, and DE 
will contain B C the ſame number of times. 

Taf. 1. In any triangle, as AB C, if a line DE is drawn pa- 
rallel to any fide, as BC; then AB will be to A D as A C is to 
AE, and as BC to DE. | 

To demonſtrate this, let the line AD be 3 of AB, then DE 
will be + of BC, and AE 4of Ac. ; 

Divide the line A B into four equal parts in the points 1, 2, D, 
through which draw lines parallel to A C to meet the line C B 
in the points feb; rough theſe draw lines parallel to A B to 
meet the line A C in the points E, 7, 8; theſe lines will form 
10 equal triangles; for the lines E V, 7 e, 8 6, being parallels, 
the angles B % D, bec, e F a, F CE, will be equal, and the 
angles Ce, fea, eh e, ö B D, will likewiſe be equal; the baſes 
D B, c6, ae, E /, being between the ſame parallels, are alſo e- 
qual; therefore the triangles are equal in all reſpects, and Cy, 
Fe, eb, and 6b B, will be all equal; but Cf is equal to E 2 
Sac =c D; now C B contains C/ four times, and D E con- 
tains its equal E à only three times; therefore DE is + of BC; 
again, A C contains C E four times, and A E contains its equal 
E 7 three times; therefore A E is + of A C. 

To illuſtrate this by numbers, let the ſide A C be 40, the 8 
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arallel to B C; if any one of the ſides of the triangle E A D 


| 31 
AB 32, and the fide B C 52, and let the line DE be drawn Prarz 


I. 


given, the other two may be found by the rule of three. Fig. 25- 


Fot A D (being 4 of A B) = 24 by ſuppoſition, it will be 
AB:AD::AC:AE 
1 32: 24: : 40: 30 
JAB: AD: : BC: DE 
| 432 2 24 1 $2 53 39 1 
If the fide DE (ABC) 39 by ſuppoſition be given; 
| ThenfBC:BA::DE:DA F 
52: 32 :: 39: 24 
And BC: CA:: DE: EA 
| $2: 40:35 39 30 | 
# the fide AE ( AC) zo by ſuppoſition be given 
Then AC: AB:: AE: AD 
40: 32 :: 30: 24. 
And AC: CB: : AE: ED 
© 40: 52 5 30 : 39 


which may be thus proved. 


be parallel. 


degrees. 


Ia. 2. As the radius AD is to the radius A B, ſo is the chord 
DE to the chord B C; for the lines D E and B C are parallel, 


Hence, as the radius of any circle is to the radius of another 
circle, ſo is a chord of the firſt circle to the chord of the ſame 
number of degrees of the ſecond circle ; and if two triangles are 
ſimilar, that is, the angles of one equal to" thoſe of the other re- 
ſpectively; then the ſides about or oppoſite to the equal angles 
will be proportional; for being inſcribed in a circle, their re- 
ſpective ſides will. be chords of arches of. an equal number, of 


PROP, 


"A 


Fig. 26, 


In the triangla AB C let the angle at A be 40 degrees, then 
the angles at B and C will be 70 degrees each; and as the angle 
at A is common to both triangles, the angles at D and E will 
likewiſe be 70 degrees each; therefore the lines B C and D E 
will make equal angles with the line A B, and conſequently will 
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. 0 P. IX, " ProBLEM.. 


Prars To make a whantle Whole * ſides ſhall be three given | lines (of 
I. which any two put together muſt be greater than the third.) | 
Fig. 27. Let the given lines be A B, C D, E F. | 4 


Make the line G H equal to any of the given lines, ſuppoſe 1 
EF; then take either of the other two lines, as C D, and from 1 
the point G, as a center with that extent, deſcribe an arch, and 4} 


with the extent A B from the point H, as a center, deſcribe an- 
other arch to cut the former in L; draw the lines G L and II I. 
and the triangle & H L will be. the triangle required. 


. We. P. X. ProBLBM, 


Fig. 6 To make an equilateral triangle upon any given line, as A B. 

Take the line A B in the compaſſes, with that extent deſcrwe , 
an arch from the point A as a center, and with the ſame extent = 
from the point B, as a center, deſcribe another arch to cut the 
former, in the point C; draw the lines: A C, and B C; then will 4 
the triangle ABC be equilateral, - and each tide equal to the 7 
given line AB. 1 

The demonſtration of both theſe propoſitions is manifeſt from > 
the conſtruction of the triangles: | | i 


PR © P. XI. ProBLEM. 


Fig. 28, To raiſe a perpendicular from any given point D, of a given 
line AB. 
Take any point C, at pleaſure ; from this as a center deſcribe 
a circle to pals through the point D, and to cut the line AB in 
E; through the ow. dy from E, draw a line to cut the arch 
in F, and E F, will be the diameter of the ſemicircle EDF; 
draw the line D F and it will be the perpendicular required. 


PROP. XII. PROBLEM. 


From any given point F to let fall a perpendicular to a given 

line, as AB. | 
Draw a line at pleaſure from F to cut the line AB any where, 

as at E; biſſect the line FE; upon C, the middle of the line, as a 


Center, with the extent C Ro 3 deſcribe an arch to cut the 
line 
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a line AB in D; draw the line FD and it will be the perpendi- Pr 
cular required. hou 16141 | I. 
This is only the reverſe of Prop. 11. 
All that is neceſſary to illuſtrate theſe two propoſitions is to 
prove that in the triangle E D F the angle at D is a right one; 
this is evident ſrom I,. 3. Prop. 6. for the line E F being a 
diameter, and the angle at D being at the circumference, it is 
therefore a right one. 350} 
In practice there is no occaſion to deſcribe the whole circle ; 
it will ſuffice to interſect the line-A Bin E, and draw a ſmall 
arch, as / g, oppoſite to the points E and C. | 
When the point D is not near the end of the line, the perpen- 
dicular may be raiſed thus; from D ſet off two points LM equally 
remote from D; from M as a center, and with any convenient 
extent of the compaſſes exceeding M D, deſcribe an arch, and 
with the fame extent from L, as a center, deſcribe another arch 
to cut the former in F; the line F D being drawn, will be the 
perpendicular required. _ | 5 
But if the point F be given; from F, as a center, deſcribe an 
| arch to cut the line A Bin L and M; from which points, as cen- 
IJ ters, deſcribe two arches to interſect each other in N; draw the 
E line FN, which will cut the line BA in D; then will F D be 
5 perpendicular to AB. ; | 


= bins 
PROP. XIII, Pronier, ( © 


To divide any given right line (A B) into two equal parts. Fig. 29. 
From the points A and B, as centers, deſcribe two arches to in- 

$ terſect each other in D; and with the ſame extent deſcribe two 

+ arches to interſect each other in C; the line D C being drawn 

will cut the line A B into two equal parts in G. 


3 PROP. XIV. | PROBLEM. 
1 Thro' any three given points, as A, B, D, not lying in a right 


line, to draw a circle. Fi 90 
Join the points A B, B D with right lines; divide thoſe lines 

into two equal parts; draw the perpendiculars Fm, G n, and | 

let them be produced till they interſect each other; the point of 0 
interſection C will be the center of the circle required; for as the 


circumference is to paſs thro? the points A, B, D, the lines A B, B D 
| muſt 


WY 


_ GEOMETRY. CuAr. III. 
Prat: muſt be chords; and if any two chords are biſſected by two 


I. perpendiculars, they will, if produced, meet at the center, by I. 
2. Prop. 4 


By this e it is evident, that if any three points are ta- 
ken in the circumference of a given circle, the center may be 
eaſily found; and if the ſegment of any circle is given, the circle 


may be compleated, by taking any three Points in the given ſeg- 
ment, and then proceeding as before, 


PROP. XV. ProBLEM. 
Fig. 31.  Thio' a given point F to draw a line parallel to a given line 
B | | 


Draw the line F G at pleaſure; at the point F make the angle 
DFG equal to F G B, the line D F being drawn, will be paral- 
tel to the line AB; becauſe the alternate angles are equal, by 
Pro 

This may be done without drawing the line FG, thus; open 
the compaſſes till with one foot fixed in F, the other may cut the 
line any where, as in B; then with the ſame extent, from any other 
point in the line, as G, deſcribe an arch; and with the extent G B 


from F, as a center, deſeribe an arch to cut the former * the 
line F D will be the parallel required, 


DEMONSTRATION, 
In the triangles D G F and BG F, the fide G Bis D F, and 


FB =D G, and FG common to both. Therefore the triangles 


are ſimilar, and the alternate angles G F B and FG D are equal; 
and therefore the lines G B and D F are parallels, by Prop. 3. 


e. 


Fig. 32. To find a line which ſhall be a fourth proportional to three 
given lines as AB, CD, EF. 
Upon the line L M take L g = A B, and draw the line g b, 
making any angle at pleaſure with the line L M, and make g þ —= 
D C. Set off E F from L ta N, und from the point N draw 
a line parallel to Y g; thro* the point 5 draw the line L O, then 
will ON be the fourh proportional required. 5 
Or 
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For in the triangle LN O, g his parallel to N O by conſtruc- Pr ATE 
tion, therefore Lg (= AB): g (CD): : LN (SEF): I. 
N O. (by Inf. 1. Prop. 8.). 38 | 

If it was required to find a third proportional to two given lines 

(as AB and CD), proceed in the ſame manner, only take L I = 

g b, and draw the line I K parallel to g B, then it will be 


Lg: g:: LI: IK the third proportional required, 


P R OP. XVII. PRoBLENM. 


To find a mean proportional betwixt two given lines as AB, Fig. 23: 
CD. | 
| Upon the ine LM ſet off LN AB and NO CD, bi- 

ſect the line LO in C, upon which, as a center, with the extent 
COS C, deſcribe a ſemitircle from the point N, &c. 

From the point N erect a perpendicular, this will interſect the 

ſemicircle in the point E; the line E N being drawn, will be a 
proportional to the lines LN AB, and N O= CD. 


DEMONSTRATION. 


The triangles LE O and LE N-are fimilar, for the angle LE 
. O is a right one (by Df. 3. Prop. 6), the angle LN E is alſo 
right by conſtruction; and the angle at L is common to both, 
therefore the angle LEN is equal to the angle at O, the triangles 
LEN and EN O are alſo ſimilar, for they have each a right an- 
ole at N, and the angle at O in the one is equal to the angle LEN 
in the other; therefore the angle at L will be equal to the angle 


NEO; therefore LN: NE: : NE: NO by If. 2. Prop. 8. 


PR O P. XVIII. THEOREM, 


The radius of any circle, is equal to the chord of 60 degrees of 
the ſame circle. | 


DEMONSTRATION, 

Upon the radius A C make an equilateral triangle AB C, then Fig. 34 
(by JF. 4. Prop. 6.) the angles at A, B, and C will be all equal, | 
conſequently 60 degrees each, but A B is a chord of the arch that 

F N mea- 


. 


N 
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Fig. 35. 


Fig. 35. 
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meaſures the angle at C, which is 60 degrees ; therefore the chor 
A B of 60 degrees, is equal to the radius A C or BC. = 


PROP, XIX. Turortm. 


Parallelograms or triangles, having the ſame or equal baſes, 


and being between the ſame parallels, are equal. 


DEMONSTRATION. 


Let the parallelograms be AB C D, and CE DE. | 
Becauſe the ſides CE and DF are equal, and parallel by con- 
ſtruction ; the angles AE Cand B FD are equal (by Prop. 3.), and 
becauſe AB and E F are alſo equal, if BE is added to each, then 


A E muſt be equal to BF, and as A C is equal to B D, therefore 


the triangles AE C and BF D are equal in every reſpect, and if 
the common triangle B E O is taken away from each, the planes 
AB CO and EF DO will remain equal; to each of which planes, 
if we add the triangle C O D, the parallelograms AB C D, and 
CE D F become equal. | | 

Hence it appears that any two triangles (as CD A,C DE) ſtand- 
ing upon the ſame baſe (C D), and between-the ſame parallels 


(AF, CG) are equal; for they are halves of parallelograms of the 


fame baſe and altitude (as ABCD and CDEF). 

It is evident from this propoſition, that we may make a right 
angled triangle equal to any given oblique one, for if we draw a 
line, as AF parallel, to either of the given ſides, as C D, through 


the oppoſite angular point E, and erect a perpendicular at either 


12. 


Fig. 36. 


end of the ſame ſide Cor D, to meet the parallel in A or B; then 


will the right angled triangle CB DS CAD, be equal to the 


oblique one CDE. 9 . 
It is likewiſe evident from hence, that the rhombus EF G, 


is equal to the rectangle EF x x, and that the rhomboides N O 


PQ, is equal to the rectangle N Pp; and conſequently that, by 
the ſame method we may make a rectangle equal to any given 
parallelogram- | | 


: PROP, XX. Tarox. ” 
In a right angled! triangle ABC, the ſquare of the longeſt 


ſide A C (called the hypothenuſe) is equal to the ſquares of both 
7 the 
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the other ſides A B, BC n the baſe and perpendicular) taken 
together, 


DEMONSTRATION. 
The ſquare A C H I, whoſe ſide is the hypothenuſe AC, is e- 


qual to the rectangles AHF G, and F. G1 C taken together; 


therefore all that we have to prove is, that the ſquare B C D E is 
equal to the rectangle FGIC, and the ſquare AB KL to the rect- 
angle AH F G. 

Firſt it is evident, that the triangle B CI is one half of the rect- 
angle FGIC, it is alſo equal to the triangle BC PD, becauſe it 


Nands upon the ſame baſe B C, and between the ſame parallels 


BC, ED; now the triangle BCD=B CI, is one half of the 
ſquare BCD E, therefore the whole ſquare BCD E, is equal to 
the whole rectangle F Gl C, each being double the equal tri- 


angles BCI, BCD. 


In like manner, the triangle AB H =— half the rectangle AG HF, 
ſtanding upon the ſame baſe A B and between the fame paral- 
lels A B, L H, is equal to the triangle A K B, which is one half 
of the ſquare ABK L; therefore the ſquare ABK L, and the 
retangle AH FG being double of the equal triangles A B K,A 
B H, are equal betwixt themſelves. 
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CHEAT 10” 
Of the Confirudi on and Menſuration of Geometrical Figures, 


Aving explained the principles of geometry, we come now 
to ſhew their uſe in the conſtruction, and menſuration of 

all plain figures, which we ſhall reduce to three claſſes, viz. 
1. Thoſe that are limited by three right lines, called triangles. 
2. Thoſe that are limited by four right lines, called quadrilaterals. 
3. Thoſe that are limited by many right lines, called polygons. 
Mathematicians ſuppoſe all plain figures that incloſe any part 
of ſpace, to be comprehended under one of theſe denominations, 
for curvilineal figures are ſuppoſed to be limited by an infinite 
number of right lines; we ſhall begin with triangles, as no fi- 
gure or ſpaca bounded by right lines, can have fewer than 

three ſides. 5 


8 E C L's I. | | 
Rectilineal Trigonometry, or the Conſtruction of Right lined Tri- 


angles. 


Rigonometry is that ſcience by which we learn to meaſure 

the ſides and angles of triangles, and is one of the moſt uſe- 
ful branches of the mathematicks; for as every triangle conſiſts 
of ſix parts, viz. Three ſides and three angles, and it often hap- 
pens that ſome of them are unknown, yet if any three of them, 
provided one be a fide, be known, the other three may be found 
by this art, either geometrically by ſcale and compaſſes, or by an 
arithmetical calculation. It is either rectilineal or ſpherical, we 


ſhall only treat of the firſt. 
In order to delineate any triangle, it is abſolutely neceſſary 


to have a ſcale of equal parts to meaſure the ſides by, and a line 


of chords for meaſuring the angles, theſe and the lines of fines, 
tangents, and ſecants, and ſeveral others, are 2 down upon the 
plain ſcale, we ſhall firſt explain theſe terms, and then ſhew how 
to conſtruc the lines. 
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DEFINITION . 


1. The RIGHT SINE of any arch, is a perpendicular line drawn 
from one end of it, to a radius or diameter drawn to the other 
end; AD is the right ſine of the arch AB, or it is half the chord 


of double that arch; for taking the arch B] equal to AB, A 


will be the chord of the arch AB; of which the fine AD is 


one half. 3 | 
2. The sINE COMPLEMENT of an arch, is that part of the ra- 


dius intercepted betwixt the right ſine and the center; thus, CD 


is the ſine-complement of the arch A B, for it is equal to F A; 
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Fig. 37. 


the right ſine of the arch E A, which is the complement of the 


arch A B. 


. The vxRSEDSsINE, is that part of the radius, intercepted 
between the right ſine and the circumference; DB is the verſed 


ſine of the arch AB. 


4. A TANGENT to a circle, is any right line fo drawn as to 


touch the circumference in any point (B), and if to this point be 
drawn a radius, it will be perpendicular to the tangent ; thus 
BM is a tangent to the circle in the point B, and the tangent of 
any arch, as A B, is that part of the line B M, intercepted be- 
tween the point B; at that end of the arch to which the radius 
is drawn, and the point H, where a line drawn from the center 
C, thro' A at the other end of the arch, interſects the tangent 
line BM; therefore H B is the tangent of the arch A B. 

5. The SECANT of an arch, is a ſtreight line drawn from the 
center thro' one end of the arch, produced till it meet a tangent 
drawn from the point B at the other end of the arch; ſo H C is 
the ſecant of the arch AB _ "TI 

The ſine, tangent, and ſecant of the complement of an arch, 
are called the ſine-complement, tangent-complement, ſecant- 
complement, or co-fine, co-tangent, co-ſecant; C R is the co- 


ſecant; E R is the co-tangent; A F the co- ſine of the arch A B, 


and the ſine, tangent, and ſecant of the ſupplement of an arch, 


are the ſame with thoſe of the arch, for being drawn according 


to the definitions, there reſults the ſame line. 

Hence the fine of go degrees is equal to the radius, for it is 
half the diameter by the definition of a ſine, and is the greateſt 
of all the ſines; the ſine of 30 degrees is half the radius, for it is 


half the chord of 60 degrees, which was proved to be equal fo 
as the 
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the radius; the tangent of 45 degrees is equal to the. radius, for 


let the angle NC E, or NC K be 45 degrees, N K the tangent, 


and E C the radius, are parallel, being both perpendicular to the 
diameter K B; but NE and K C are alſo parallel, being both 

erpendicular to the diameter E C; and therefore the tangents 
N K and NE are equal to the radius. 


Coiſructicn of the Lines on the plain Scale. 


17, Tur LIX E OF EQUAL PARTS, 


This may be made of any length, as A B, and divided firſt into. 


ten equal parts deſtinguiſhed by the figures 1, 2, 3, &c. Then each 
of thoſe diviſions muſt be ſubdivided into 10 equal parts, ſo the 
whole line will be divided into 100 equal parts; the figures 1, 2, 3, 


Sc. denoting 10, 20, 30, &c. of thoſe parts, there will be no ne- 


ceſſity for numbering the ſmalt diviſions betwixt the figures; but 
for the better illuſtration of the ſcale, we ſhall diſtinguiſh thoſe 
between A and x, by the letters. of the alphabet. Any number 
leſs than 100 may be readily found on this line, for if it be leſs 
than 10, count as many ſmall diviſions beyond the beginning of 
the line or point A, as there are units in the number, as, if 6 
were required, it will be at the point 7; if Go, at the figure 6; 
if 66, count 6 ſmall diviſions beyond the figure 6, and you will 
have the point required. Ly | 
If the number exceed too, the ſmall diviſions muſt be ſubdi- 
vided again each into 10, but the length of our line will not ad- 
mit of theſe ; we ſhall therefore make ufe of diagonals, by which 
means any number under 10, ooo may be had with as great certain- 


ty, as if the line A B were actually divided into 10, ooo equal parts. 


To perform this, let there be 50 lines at equal diſtances from 
one another, drawn parallel to A B, and having compleated the 


parallelogram AB C D, let the lower line C D be divided exact- 


ly like the upper line A B, into 100 equal parts, and numbered 
1, 2, 3, Sc. and draw the diagonal Aa, | 


Now the portions of the parallels,' 10, 20, zo, Ge. intercepted | 
betwixt this diagonal and the perpendicular AC, will be 1 tenth, 


2 tenths, 3 tenths, Ce. of the line Ca; for in the triangle A C a, 
tet Ca be the baſe, then the portions of the parallels 10, 20, Cc. 


will be buſes of as many triangles, ſimilar to the triangle A Ca; 
therefore AC: C:: A 10: the portion af the parallel 10, 


inter- 


: 


— 


g 


Sgr. IJ. TRIGONOMETRY. 


intercepted betwixt the diagonal A a and perpendicular A C, but 
A 10 is the tenth part of A C by conſtruction, therefore the por- 


ſandth part of the whole line C D or AB; the figures 1, 2, 3, 


Se. denote 100, 200, 300, Cc. and a, b, c, 10, 20, 30, &c. of 


thoſe parte. | 
Again, if there were 9 parallels drawn betwixt the line A B 


and the parallel 10, it is plain the portion of that next to the line 
AB, intercepted betwixt the. diagonal Ca, and perpendicular 
AC, would be the tenth part of the portion of the parallel 10, 
intercepted betwixt the fame lines, or the rx0000th part of the 
whole line C D or A B. In the plate we have only four inter- 
mediate parallels numbered 2, 4, 6, 8 ; ſo their portions intercep- 


tion of the parallel 10, is the tenth part of Ca, or the thou- 
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Fig. I, 


ted betwixt the diagonal C a, and perpendicular A C, will be 2, 


4, 6, 8, of thoſe parts. 
By theſe means the lines AB and CD, are in effect, divided 


into 10,000 equal parts; the figures 1, 2, 3, &c. denote 1000, 


2000, zoo, &c. the ſmall diviſions on the lines A B and CD, 


betwixt thoſe figures will be hundreds; the tens are not transfer- 


ed to the lines AB and C D, but may be had at the interſections 
of the parallels 10, 20, 30, Sc. with the diagonals. If the units 
are even, they, may be found at the interſection of the diagonals, 


Fig. 6, 


| 7. 8, 


and the intermediate parallels, but if they are odd, as 1, 3, 5, 


Sc. half the diſtance in the diagonal, muſt be taken betwixt 
thoſe parallels. To compleat the ſcale, there muſt be diagonals 
drawn from all the diviſions in the line A B to the line C D, pa- 
rallel to that drawn from the point A in the line AB, to the point 
4 in the line CD. | 

It will be very eaſy to find any number under 10,000 upon this 
ſcale, as in the following example, vi. 3 

For units, look for the parallel below the line A B, betwixt 
the point A and the parallel 10; thus, to find 6, look for the third 
parallel, its interſection with the diagonal A a (which is the firſt 


of all the diagonals) will be the point required; this parallel in Fig. 9. 


the plate is numbered 6, but the odd numbers muſt be found 
betwixt the parallels; for inſtance, the number 7 will be in the 
ame diagonal A a, between the parallel 6 and the parallel 8. 


It 10, 20, 30, &c. be required, look for the interſections of Fig. 10. 


the parallels ſo numbered, with the firſt diagonal A a, and you 
will have the point required. If the given number is 12, firſt 
| Sh ; and 


— 
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50, will be the point for 67 56. 


TRIGONOMETRY. Cult. IV. 
Plarz find 10, and the interſe tion of the parallel next below that, 


with the ſame diagonal will be 12; the number 25 will be in the 


middle of that part of the diagonal * the ſecond and third pa- 
rallel below the parallel 20 ſo that if the number be leſs than 
100, it will be in the firſt diagonal; if it exceeds 100, and is leſs 
than 200, it will be in the ſecond diagonal; and if leſs than 1000, 
it will be in ſome of the diagonals, drawn from the ſeveral 
points a, l, c, d, &c. between A and 1, in the line AB to the line 


CD, thus the number 600 will be the ſixth ſmall diviſion from 


A towards 1; but' if 606 is required, it will be found at the inter- 


ſection of the third parallel (numbered 6) with the diagonal / g3 


and where the ſame diagonal interſects the parallel, 60 will be 


the point for 660; and the middle of that part of the ſame diago- 
nal, betwixt the third and fourth parallel below that of 60, will 


be the point for 667. 


The. number 6000 will be at Fig. 6. in the line AB; 6700 


at the ſeventh ſmall diviſion beyond Fig. 6. in the ſame line; the 


number 6750 will be at the point where the diagonal drawn from 


the point 6700 in the line A B, interſects the parallel 50; and 
where the ſame diagonal cuts the third parallel below the parallel 


# 


The diagonals upon Gunter's ſcales, conſiſt only of eleven pa- 


rallels; the upper and lower are graduated, the one into inches, 


numbered 1, 2, 3, &c. tog; the other into half inches, numbered 
I, 2, 2, &c, to 18; ſo there are no ſmall diviſions betwixt the fi- 
gures, but there is an inch before the beginning of one line, and 
half an inch before the beginning of the other line, divided into 
ten equal parts in the upper and lower lines; and diagonals drawn. 


/ as in that, in the plate, which will divide the inch and half inch 


each into 100 equal parts; ſo that if the ſpaces betwixt the fi- 
gures be 100, thoſe betwixt the diagonals will be tens, and the 
units will be at the interſection of the diagonals and intermediate 
parallels; one example will ſufſice to ſhew how to take off any 
number by this ſcale: ſuppoſe 748, firſt find the figure 7, and 
obſerve where the perpendicular, from that point, interſects the 
eighth parallel from it, there fix one foot of the compaſſes, extend 
the other to the interſection of that parallel with the fourth dia- 
gonal, and you will have the extent for 748. 1 | 
There are ſeveral other lines of equal parts which are gradua- 


ted, and numbered exactly as the upper or lower line of the dia- 


= T0 gonal 


1 
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one inch is the twelfth part of a foot, the diagonal ſcales for vet 


4 
gonali ſcale, and che. ¶ixiſions and fubdiviſions are in tens; but 25 Pr 


II. 


and inches, confift of ſeven parallels, the upper and lower lines Fig. 4. 


are numbered as in the other diagonals; the ſpaces betwixt 


the figures are to repreſent feet, Which ſuppoſe one inch in 


the upper line 8 T., and half an inch in the lower line NO: 


They are numbered 1, 2, Cc. the one contrary to the o- 
ther, as upon moſt of the ſhipwrights rules. Set off half an 
inch to the right from O, at the beginning of the lower line to 
o; and one inch to the leſt from 8, at the beginning of the upper 
line to m; then draw two diagonals, to be diftant from one ano- 
ther one inch on the upper line, and to meet in the lower line at 
the middle of the inch; and at the other end draw two diago- 
nals, to be at the diſtance of half an inch from one another in 
the lower, and to meet at the middle of the half inch in the up- 
per line. It is evident the interſections of theſe diagonals will re- 
preſent inches. 1 


- 
* 


ara ing lines on the ſcale are taken from the equal diviſions Fig. 
© 


a circle, and are conſtructed in the following manner, vrz. 
1. With the radius you intend for your ſcale at Cas a cen- 
ter, deſcribe a ſemicircle, AD B; then upon the center C e- 
rect the perpendicular CS, which will: divide the ſemicircle into 
two quadrants AD, D B, and draw the right lines A D, DB. 
2. Divide the quadrant B D into. equal parts each of thoſe 
diviſions will contain 10 degrees, as a quadrant or fourth part of a 
circle contains go degrees; place one foot of the compaſſes in B, 
and with the other transfer the ſeveral diviſions from the circum- 


ference to the right line B D, then will B D be a line of choRDsS. 


3. Upon the point B erect the perpendicular B]; then draw 
lines from the center C through the ſeveral diviſions 10, 20, 30, 
c. of the arch B D to meet the line BT, and number the ſe- 

veral points of interſection 10, 20, 30, &c. the ſame as the arches; 
then will B T be a line of TANGENT S. 
4. From the points 10, 20, 30, Cc. in the arch B D, let fall 


5 


-perpendiculars to the radius CB; thoſe ſeveral perpendiculars will Fig. 30. 


be the ſints of thoſe arches, and will divide the radius CB into 
a line of s8INEs, which muſt be numbered 10, 20, Cc. from C 
towards B; for ſince the perpendicular let fall from the point 


8o, to the radius CB, is the ſine of 80 degrees; C 10 will be 


the ſine of 10 degrees: (by Def. 21. of this.) 
8 l G 5. It 
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TRIGONOMETRY:. 
5. If the ſame line be numbered from B towards ©, it will 


become a line of vERSED SIN ES. 

6. With one foot of the compaſſes in c. extend the other to 
the ſeveral diviſions of the tangent line B T, and transfer thoſe 
extents to the line CS; then will CS be a line of SECANTS. 

As the ſhorteſt ſecant that can be drawn, is longer than the 
radius, and the longeſt fine is equal to the radius; the line of 
ſecants on the ſcale, is on the ſame line with the fines. 

7. As the angle, which the diameter A B makes with any line 
drawn from the point A, to any point in the circumference, is 


one half of the angle, that the radius B C makes with a line 


drawn from the center C to the ſame point (by Prop. 6. Chap. 3.). 

Right lines drawn from the point A to the ſeveral points 10, 20, 
Sc. in the arch B D, will divide the radius C D into a line of 
SEMI-TANGENTS, or tangents of half thoſe arches. 

8. Divide the quadrant A D into 8 equal parts, and with one 
foot of your compaſſes in A, transfer the ſeveral diviſions to the 
right line A D, then will A D be a line of rumbs hereafter to be 
ſpoken of. 

All theſe lines are transferred from the ſemicircle to the ſcale 
where they are drawn parallel to one another, and diſtinguiſhed by 
the initial letters of their proper names, being what is called a plain 
ſcale, 

The line of equal parts, and the line of chords, will be ſuffi- 
cient for the conſtruction of any rectilineal triangle, but we think 
it neceſſary here to ſnew the uſes of the other lines. 


PN 4 
To make or meaſure any Angle by the Line of Chords 


1. From the point Nd it be required to draw a line that 
de | 


ſhall make an 2 of grees E the line C G. 

With the extent of bo degrees taken from the line of chords 
(which is always equal to the radius by Prop. 18. Chap. 3.) de- 
ſcribe an arch; then take the extent of 40 degrees from tho ſame 
line, and ſet it off upon the arch from A to D, and the angle 
A 0 D will be 40 degrees. 

When an angle is given to be meaſured with the ſame extent, 
as 60 degrees of chords; from the angular point deſcribe an 
arch as before, to interſect the lines that form the angle; the 


length 
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length of the chord of that arch intercepted between the lines, PLare 


meafured on the line of chords, will give the number of degrees 
that the angle contains. | weak 0: 
If the given angle is greater than go degrees, it may be made 
or meaſured at twice. Thus, ſuppoſe the angle 130 degrees; firſt 
take the chord of go, and ſet it off from K to E then take the 
chord of 40 degrees, (the remainder) and ſet it off from E to A, 
then will the angle ACK be 130 degrees: Any other two chords 
whoſe ſum is 130 degrees, would have anſwered the ſame pur- 
poſe. But as every ſemicircle contains 180 degrees; when the 
given angle exceeds go degrees, it may be very readily made, by 
| ſetting off its complement to 180 degrees, from the extremity of 
the diameter: Thus, if we ſet off 5o degrees of chords, from B 
to A, and draw the line A C, we have the angle ACK = 130 
degrees as before. When ſuch an angle is given to be meaſured, 
if that extent is taken, and fubſtrated from 180 degrees, the re- 


mainder will be the quantity of the arch. 
e ee os ty Oe, 


To find the Sine, T, angent, or Secant of any Arch ; the quantity of 
the Arch, and the length of the Radius being given, 


Let the angle be 40 degrees, and the radius 100. 5 

Now as this is the length of the radius, by which thoſe lines 
on the ſcale were conſtrued ; take 40 from the line of fines, 
that extent meaſured on the line of equal parts, into which the 
radius is divided, will give the length in numbers, of the fine of 
40 degrees; and by the ſame method, we have the tangents and 
ſecants of any arch ; but when the radius is not the ſame, obſerve 
the following method. C | 
f _— the angle 40 degrees, as before, and the radius 88 
r | 

Make DCA an angle of 40 degrees by the preceding, and 
produce the lines C D and C A; then take 88 from any ſcale of 
equal parts, and with that extent from the angular point C, de- 


ſeribe an arch, as L B; from L let fall the perpendicular L M, 


which will be the ſine; the perpendicular B T will be the tan- 


gent, and C T the ſecant of the arch LB; each of which meaſur- 


echupon the ſame ſcale of equal parts as the radius was taken from, 
will-give the ſine, tangent, and ſecant of the arch in numbers. 
1 | G 2 PROB. 
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The Length of the Sine, Tangent, or Secant'; and the. Q 
an Arch given to find the Length of the Radius. 
Let the angle be 40 degrees as before. . 
If the ſine is given; at any point as Mf, of a right line, as 
N; erect a perpendicular, and make M L equal tothe given, 
ſine; then at L make an angle of 530 degrees, the com ) ement 
of the given angle, and draw the ine L. C,. which will; be the 
radius required, neee 
If the tangent is given, make B T equal to it, and make the 
complement angle 5o at T; fo the line B C will be the radius. 
If the ſecant is given, make C T equal to it, and make an an- 
gle of 40 degrees at C, and one of 5o at T, the line TB will in- 
terſect the line C N in B; then will CB be the radius required. 


The Length of the Sine, Tangent, or Secant; and the Length of 
the Radius given; to find the Quantity of an Arch. 


Let the radius be 88. 5 

If the ſine is given, at any point, as M, of a right line, as 
C N, erect a perpendicular, make M L equal to the given ſine; 
with the given radius 88, from L, as a center, deſcribe; an arch 
to interſect the line C N in C, and draw the line CL; then will 
LC M be the angle required. 

If the tangent is given, erect a perpendicular at any point, as 
B, of the line CN; make T B equal to the given tangent; from 
B, as a center with the given radius, . defcribe an arch to interſect 
the line CN in C; draw the line C T; then will T C B. be the 
angle required. 12 52-0113 enge 

If the ſecant is given, ſet off the given radius from C to B, at 
which point erect a perpendicular; then with the extent of the 
given ſecant, from C as a center, deſcribe an arch to interſect 
the perpendicular in T; draw the line C T; then will T C B be 


the angle required. 12 
DEMONSTRATION. 
Draw the perpendiculars D E and G A, the one will be the 


fine, 


Sor. I. A TG ONO B 2 K 2. is, 


ſine; and dig ther the tangent of the arch AD (YC V, and . PLATE. 
of: this.) and CG thecſgcagt of the ſame arch ; fbr C As CD; 
ische irg Gig f tho citele fam Which n bs 38, 
CD: DE:: CL. LM, CA: AG:: CB: PB, and 
CA: CG: CB: CT by Prop. 8. Chap. 3. 
But C D and C A, are radivof the atch'A D; and D E the 


ſine, GA the tangent, and G.C KA ſecant- of. the ſame arch; 
therefore L M wilt be the ſine, I B the tangent, = Cc T the 


ſcant of thwart: Bly ef ante c h i themed, ; Hive aid“ xp wil 
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EN 

ſh When the EL dare given, e be con- 
ſtructed, as already ſhewn Chap. 3. Prop. 9. 

2 Giden Aeg dialer (CA and CF) andithe angle:(C) inchud- 
ed by thoſe dides, itedelineate a triangle (A FC. 

. Firſt make! the given angle at Os then ſet off CA and, C Fr dhe rs 4 
given ſides from the angular point, and draw. the ling; A F. 

34. Given two ſides 4 F and C F, and the 998 (C) pode 
to:one of them Te 75x20 
Make the angle ; as beiten theo from the . point C ſet 
off one ade, C F. from F ag a ce work WH with thezextent, F A, the 
other given ſide, deer an arch ꝭ interſect the. line CG, which 
will be in A or B, and. C F Alzor F By will be the triangle re- 
quired; 80 that as this daſe will admit oftwo- ſolutions. ve mult, 
know whether the angle oppoſite: to the other given ſide is acute 
or obtuſe, before the anſwer can be determined; for if qbtuſe, 
the leaſt, if aaute, te greateſt Will be; che required 1 * 11 

4th. Given one fide-(AC); and two angles (A and C 55 

Draw the given ſide A C; make one of the given angles at A, 
and the other at C, and produce the lines that form thoſe angles, 
till: they meat in B Ichan will AFC be the triangle required. 

- After the tiangles are thus conſtructed, the unknown ſides may 
be meiſutbd by the ſameꝛline of equal parts, by which they were 
conſtructed, and the angles by the fame line of chords; and al- 
though all triangles may be meaſured and delineated, as we have 


ſhewn in the ſolution of this problem, yet it is uſt ual to. Ade 
them 


48 TRIGONOMETRY.- Cnr Iv. 
Prarz them into two claſſes, viz. right and oblique ungled triangles, 
I, from whence ariſes the divifion of trigonometry, into two parts, 


vis. right and oblique; the laſt of Which contains r. che fore- 
going four caſes. | 


&- - 


r R Oo B. 8 2 
To conflrutt | a right angled T 2 


This will admit of fix caſes, occaſioned by the ente 
by which the. ſides are diſtinguiſhed, viz. The hypothenuſe, 
which is the fide oppoſite to the right angle, as (AC). The per- 
pendicular (C F) is one fide, and the baſe (AF) the other fide, 
meeting at the right angle. To diſtinguiſh one from the other, we 
ſhall draw the perpendicular up and down, and the baſe _— 
the paper; the angle oppoſite to the baſe we ſhall call (ſimpl 
the angle, and that Nt prev to the e we we man call - 
complement angle. on. 

Hence, as in a right angled triang angle i is always the 


ſame, being equal to go degrees: it may be ſaid to conſiſt of 
four variable rts, vig. the three - ſides,\ and an oblique angle; ; 


\ | 2 — of which being given, by 5 en the Fange my TY con- 
ructe | 
Fig. 41. Caſe 1. Given the hypothenuſe AC, and the angle. at c 50 de- ; 
grees, to find the baſe and pe ndicular. L 

Praw the line C G up and down the paper; 5 "then with ode 
grees of chords from the int C, defcribe an arch; make the 
angle at C 50 degrees, and ſet off the given hypothenuſe from C 
to A; from the point A let fall the perpendicular A F, then will 
AF be the baſe, and C F the prepandicular of the rriangle AF C, 
right angled at F. | 
Hence, if the h. /pothenuſe of a tight angled cianghs be made 
the radius of a circle, by which the angles are to be meaſured, 
the baſe and perpendicular will become fines of their oppoſite. an- 
les; AF is the ſine of the angle at C, and CF the fine of the 
angle at A, by the definition of a ſine; and: becauſe the fine of an 
angle is the ſame with the fine of that arch, which is the mea- 
ſure of the angle; its length cannot be determined till the length 
of the radius is known; for which reaſon the ſame angle may 
have ſines, differing infinitely i in length from one another in' pro- 
portion to the radii by which they are meaſured ; ſo that thinoade 


Fig. 42+ 
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& 


is the vety ame with Prob. 2. of this; for making the'hypothe- Puary | 


nuſe the radius of a circle, we can find: the ſine of any arch in 1.1 


N 


the ſame manner as we have ſhewn in that prob lee. 
Caſe 2. Given the baſe A F, and the angle at C 40 degrees, Fig. 423 

required the perpendicular CF, and the hypothenuſe A C. E 

This map be done by Prob. 2. of this; for if the baſe of a right 

angled triangle be made the radius of a circle, the hypothenuſe 

will be the ſecant, and the perpendicular the tangent of the angle 

at the baſe A, which being the complement of the given angle 

will be 50 degrees; this is alſo the ſame as Caſe 4. Prob -5. of this 

for here is one fide, and the angles given. Therefore draw the 

line A F acroſs:the paper, and make a right angle at F; from F to 

A ſet off the given baſe at A; make an angle of 50 degrees, and 

draw the line AC; then will A C F be the triangle required. 

- aſe 3. Given the perpendicular CF, and: the angle at C 50 big. 43. 
egen... CL ING FL £07 Of Walk: 35H S500 £37 van, 0 

This in effect, is the fame with the preceding, and may be con- 

ſtructed as in Prob. 2. or Caſe 4. Prob. 5. of this; for if the perpen- 


dicular be made the radius of: a circle, the baſe will be the tan- 


gent, and the hypothenuſe the ſecant of the angle C. Therefore 


e at F; at C make the 


5 43: center, deſcribeah-arch2 it will ãm̃erſoct the line dran pet᷑pen- 


; Fig. 42. 
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Pu«ng'l 


Fa befotegtifove ſatꝛõſf the. pec end ioular r em F 40, 


I. atdlothl the extent af: theigwen bypſhenmſe WG, VOC d 


Idiealar to C F in thi en then will R CF be thexrianglexe- 


uir et. K i neu 8 belt 
* Caſe 6. Given the:bals A F, and the 'gerpehddicular:C:-F)) to 
find dhe hypothennſe and the angles. ([1 - bam od uni Lologe 


Here we have two (fides,:arid:the- included-angle>given; -thities 
fore'by!Caſe 2. \ Prob, p. make a right anglers àt / F,; then fetionf 
the given baſe from F to A, and perpendicular from gry GC; 
draw the line AC, and the triangle will be comipleate. 

It may now be preſumed, that the reader, bia dne-d@ontia 
to what has been ſaid, may be able to conſtrutt any triangle when 
one ſide, and any other This parts are given; and it would be 
needleſs to give any more examples, as we ſhall have oceaſion to 
ſhew in another place, how to perform what has been done here 
geometrically, by arithmetical calculation: We iſhall therefore un- 
der this head only ſubjoin the followi ng) theorem, \which:ſhould 
be well underſtood, andicarcully attended to, win; og lib, 


j Hires 


„. 2. RE N 
"rd of 

5 
Fig. 41. Caſe: 1. If the pee AC: is ma e A e bag a 


In a right aided triangle, lay 155 5 be 
a circle, -3nd the other fi xd, bf 


. - 1 


Caſe 2. If-the baſe A bs DE an as hy al mu" win 
be the ſecant 1 ; Jad, [ts . tlie e 


Fig. 43. 
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P R 0 B. . 
To make 4 Square whoſe Side fa be the given Line C D. P Lond 


"P ON one end of the line as D erect a perpendicular; 1 Fig. 9. 
off che giren lde C D fot D te Bz upon B and C, a 
centers; with the fame extent, deſeribe two arches, interſeQing 


cach' other in A; and dratyr the lines A C, A B; then will 
ABCD be a Nee ſquare, all the fides and Kugler being 


equal. | 
N Uo ppious = 


rs 5 Rbenlis whoſe Side al be 4by given Line . 15 and 
bk be Angie E 50 Degrees. 


Fut make the angle at E 50 degtee s make E 8 and 8 — M 
qual; then with the extent 1 F, d Nei an arch from the cen- on 72 


ter E, and an from ihe center G5 intetſecting the former in H, 
and draw tlie li nes G H, A 5 chen will EF HG bethe mom 
de e i , . e e ee 
1 "3: PRO 1 


lt 


"With fro given Sidet, 4K and. L, to nale a ket ? 


Erect a perpendicular at K, and ſet off the two given fides to Fig. 11, 
I and L; from I, as a center, with the extent K L, deſcribe an 
arch; and with the extent I K, from L as a center, deſcribe a- 
nother arch to interſect the former in M; draw the lines 1 M, 


L M, and the pi will be compleated, 21 Pug 
OE c , aye ns ee 


b 


To Mate a Rhombeides a Sides N O. 0 2. and 4 the ai at 


O are given. 


Make the angle at O, and ſet off the given fides to N and Q; Fig. 12. 
H with 


PLATE with the radius O Q, from N as a center, deſcribe an arch; then 


I. 


Fig. 14. 


with the extent O 


let fall 
Nu P 5 will be equal to the rhomboides N O P Q. 
7 pri gh 
PR OB. | 
To deferibe @ regular Polygon, having the Length and Number of 
x dl, eee 2: cc. DIET EINER ISI 194270; | 
This is in effect, the ſame with Gaſe 4. P 
ceding ſection, for every regular polygon may be inſcribed in a 
circle; and if therę be a radius drawn to every angle of the poly- 
gon, it will contain as many triangles as it has ſides; ſo that if 
360, the number of degrees in a circle, be divided by the num- 
r of ſides, the quotient: will be the angle 
that is ſubtracted from 180 degrees, the remainder will be the 
ſum of both the angles at the baſe, which is the fide of the po- 
lygon ; and becauſe the triangles have two of their ſides equal, 
the angles at the baſe will alſo be eq 
fide, and all the angles given. 
Let @ h be the fide. of a hexagon, then 360 = 6 = 60, and 
Sat à and 6, therefore each 


we have one ide 


N, 


5 


180— 60==120, the ſum of the angle | 
angle will be 60 degrees: Make therefore at 4 and at ban angle 
of 60 degrees, and produce the lines till they meet; from the 
point of their interſection deſcribe a circle, thro 2 and 5; the di- 
ſtance from à to 4 will divide the circumference into fix equal 
arts, and when the chords are drawn to theſe points, we ſhall 
we the hexagon required. Here the angles at the baſe are 
the ſame with the angle at the center; conſequently a polygon 
of 6 ſides conſiſts of as many equilateral triangles; but as all 
other polygons conſiſt of as many iſoſceles triangles as they have 
ſides; and the angles at the center, and circumference may be 
eaſily found by the foregoing method; there can be no dificuky- 
in conſtructing them, as there is no more required, but to find 
the center of 2 circle which ſhall 
giver Wile; in 2 0 n 


11 


paſs thr 


CONSTRUCTION: OY. 
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ab. 5. 0 


Cnap. Iv. 


I. from Q as a center, deſcribe another arch 
Fig. 12. to interſect the former in P.; draw the lines NP, P Q, and the 
rhomboides will be made; and if from the points N and P, be 


perpendiculars to the points 2 and P; the 


o 
* 


at the center; and if 


al; ſo that in every triangle 


o' the extremities of the 


N - 


8 PROR 


rectangle 
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An ellipſis is a figure contained under one curve line; called 


the periphery, but differs from circle; for if there be two dia- 


meters drawn in a circle at tight angles to one another, they 


muſt be of equal lengths, and all points in the circumference are 
equally diſtant from the center; but the ellipſis has two diame- 
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ters of different lengths, at right angles to each other, T'S the long- DP 
eſt, is called the tranſverſe diameter, and CE the ſhorteſt, the con- 8.45. 


jugate diameter; ſo that the circle 18, as it were, flattened one way, 
and the radius T x reduced to x C & E; and if all the fines in 


the ſemicircle are ſhortened in the fame proportion, they will 
give the T through which the-ſemi-periphery of the ellipſis 
muſt paſs: In order to perform this, make the radius, or half 
the tranſverſ diameter T * E, a fide, and * E half the 
conjugate diameter = F G the baſe of a triangle x F G 
from the circumference of the circumſcribing cirele, draw ſe- 
veral lines, as n, s, u, f, perpendicular to the tranſverſe diameter; 
transfer thoſe fines to the fide x F of the triangle, vi. make 
* nt, xy = m , &c. draw & h and y g parallel to the baſe 
FG, transfer the extent 2 h from n to p, and the extent y g from 
n to o, then will p and o in the lines nf, ms, be two points 
thro' which the ſemi-periphery/muſt paſs ; and if more lines are 
transferred from the Kimieirel to the ſide x F, we may by the 
foregoing method find a ſufficient number of points, thro which 


. of 
> - 


the ſemi-periphery may eaſily be drawn. 


e * SAT 2 & ; | | i | A 2 
If with the extent T* S x, half the transverſe diameter, 
and from the centers C or E, the extremities of the conjugate 


diameter, two arches are deſcribed, they will interſect the tranſ- 


verſe diameter in the points F, ij each of which is called the focus 


of the ellipſis; and if from any point in the periphery a line be 


drawn to each of theſe points, the ſum of thoſe lines will always 


be equal to the tranſverſe diameter, viz. F ad-fa = F 4+ b 


=FC+fC=FD+fd=Fe+fe=TS; and this being 

the peculiar property of the ellipfis, -any number of -points may 
be found by the following method. Fit o Big 

Having found the two focal ms F, / as before, with any 

4 eſs than the tranſverſe diameter} 

2 | ET... 


a 


2 * N TON OF Car. N., 


5A 
4 . 
7 


PLATE as Ti 1, from the focus F deſcribe an arch; and with the extent 


I. $7, the remaining part of the tranſyerſe diameter, deſcribe ano- 


Fig. 45. ther arch to interſect the former! in the point a, which will be in 
the periphery. of the ellipſis; in the ſame. manner you wap find as : 


many points as: yau, pleaſe. "1 1 
F 5 what has been faid. it is plain, that if there be a thread, 


equal in length to the tranſverſe diameter, . faſtened to two pins 
one in each focus; and if a pencil, or any other convenient in- 
ſtrument be moved round within the thread, ſo as to keep it at 
its full extent, it will deſcribe the true periphery of the ellipſis; 


and if both ends of the thread be faſtened at the center, it will 


deſcribe a circle; ſo that this figure may properly be faid to have 
two centers, whereas a circle has but one. 


: 
— 
-— i K 


Wark | P R O B. VII. 
E o make a Circle equal to à given Elliplis. | 


Find a mean proportional between the tranſverſe, and conjugate 
diameters. by Prop. As _ 3 and this wa che QAMIFEE of 
the cirele eee 


5 a K C To . 


07 Menfaratio of plain. Fakes, 
AVNI G in the preceding, ſectiong ſhewn the Le 


ducing thoſe that are oblique angled, to right angled. ones of e- 
qual furfaces; we ſhall, now briefly. bew how. to meaſure thoſe 
fur faces, or the hehe ſpaces et e within the circumſcrib- 
ing ſides 

| Theſe ſpaces are always, eſtimated, in 1 ſquares of ſome aſſigned 
dimenſions, as inches, feet, yards, 'c. and the number of ſuch 
fquares cpnitajnes: 1 in any figure, | 18 called its area or ſuperficial 


content. 
Now as a ſquare has four right angles it will neceſſarily fol- 


low, that all figures muſt be reduced to tight angled ones bee 


wa they, can be, meaſured. geometica Ily, 1e ; that. the hae of 
per- 
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tion of plain geometrical hgures, and the method of re- 
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Skür. III PLATIN SURFACES 


ſuperficial meaſure may be ſaid ts conſiſt in findivg the area of Prarx 


2 ſquare or rectangle; in order to which,” let us ſuppoſe a rect- 


angle as abc d, to be one inch broad; it is plain it will con- Fig 44+ 


tain as many ſquare inches as it is inches in len ength, which in 
this caſe is 12, and the rectangle may be cut in 12 ſquare inches, 

but if it were any broader, and of the ſame length, it would contain 
12 times as many ſquare inches as there are inches in breadth; 
ſo the ſquare AB CD, of 12 inches long, and 12 inches broad, 
will contain 144 ſquare inches, which is the area of a ſuperficial 
foot, or ſquare whoſe ſide is one foot; hence the following rules 
Will appear very plain. 


p R 0 B. 1. . 
Fo find the Area of a Square or Rectangle, the Length nd Breadth 
being given. 


Rule. Multiply the length by the breadth, the product. is the 
area; this will admit of two caſes. 

Ca 1. If the length and breadth are taken by one kind of 
meaſure; as if there is a rectangle 48 inches long, Ag 2 24 inches 
broad; then 48 x 24 = 1152 the area in ſquare inches. If the 
length and K are taken in feet, the area will likewiſe be in 
feet; the like may be faid of yards, rods, Sc. 

Caſe 2. If the length is taken in one kind, and the breadth-in 
another kind of meaſure; as ſuppoſe a plank 20 feet long, and. 
9 inches broad-whole area is required. 

Rule. Multiply the length by the breadth, — G the pro- 
duct by 12; the quotient will * the area. 20 x 9 180; and: 
180 12 =11 feet the area required. * 

The reaſon of dividing the product by 12 is ; obvious, for if 
the breadth were 9, feet, the area would be 180 feet; in this caſe 
the multiplier (9) is feet, whereas in the other it is but the r2th 
part of 9 feet, and of conſequence the firſt product will be but the 
12th pare of the laſt, and therefore muſt be divided by 12, and 
the quotient will be the true product, which in this caſe will be 
leſs than the multiplicand, becauſe the multiplier is a fraction, 
dig. vr and 20 * 7 = %% = ig. We have deen the longer 
upon this head, becauſe we hall have occaſion in another place 
to mention the meaſuring of plank ; for it is always accounted 
as an oblong 1 tho it generally" agen. the 1 breadth is taken 

in 


a 1 


$6 


Fig. 45. 


Fig. 13. gi 


Fig. 15. 


— 


This may be eaſily applied to all a 
ing, paving, &c, 9: length in feet: 


1 
12 


144 


yards. 


ME NSU RATION OF 


length in feet : 
length in feet : 
length in inches: 


PR OB. 


To find the Area of a Triangle. 


2% „ „% „0 


Cuay. III. 


Prarz in the middle, which will be exactly true when both edges of 
J. the plank are ſtreight, as in Fig 11. Plate 1. the trapeziumm o pt 
Fig. 11. — the parallelogram I K ML, for the 
„Jo; hence in meaſuring plank; 
:: breadth in feet 

breadth in inches 
: breadth in inches 
rtificers works, as wainſcot- 


triangle n M = triangle 


area in feet. 


* 


: breadth in feet: area in 


II. 


J 


f 


Rule. Multiply the baſe by half the perpendicular, (let fall 
Fig. 35. from one one of the angles to the oppoſite ſide) the product will 
be the area required, as in the triangle D E F, let D F be 40 feet, 
and the perpendicular E M be 18 feet; the half of which is q, 
the 40 Xũ 9 = 360 the area in feet = 20 x 18, and 360 2 92 
40 the area in yards. a | | 


the perpendicular FV, and multiply it by half 
Note. We ſup 


PR OB. 


III 


To find the Area of a Trapezium. 


1. If the trapezium has two ſides parallel; as m 7, s f, let fall 
the ſum of both the 


parallel ſides ; the product will be the area, 


pofe the arch gt to be ſo ſmall, that it may be 


accounted a right line; then the parallelogram m2 n 7 t triangle 


s r tf = trapezium nt, and the parallelogram's area = r 7 x 


(t) half the ſum of rt + mr, and the triangular area r tar. 


2. If none of the ſides are parallels, as B C, D A, divide the 


ven trapezium into two triangles, 'by drawing the diagonal B D, 


and draw the perpendiculars A x, and Cz; then multiply the di- 


agonal by ha 


the ſum of the two 


will be the area required 


& . 


PROB. 


£0 IV, | 
To find the Area of an irregular Polygon 
Rule. Reduce the polygon (as ABCDEF G) into trian 


perpendiculars ; the product 


gles | 


(as 


* ® 
rr » ef oe l 


3 

+8 
= 

4X 


(as ABG, BGF, BFC, Fer, and pH py che Us 
of thoſe triangles, and add them together; the ſum will be the 
area of the Whole trapezium. 


* 480 2 nt 
| FP Ro B. V. 220 ni 
To find the Area of a regular Pologon 


It is evident that the area of every regular polygon is equal to 
the ſum of the areas, of as many iloſceles triangles as it contains 
ſides, and that a perpendicular let fall from the center to any ſide, 
would be the radius of the inſcrib'd circle; the area of the whole 
polygon may therefore be found by the following rule, vix. 
Multiply the ſum of all the ſides by half the radius of the in- 
ſcribed circle, or the radius by half the ſum of the fides ; ; the 


product will be the area ned. 


By this rule, it will be eaſy to find the area of any ws po- 
xg when the ſide, and the radius of the inſcribed” circle are 
both given: But as it ſometimes happens that only the ſide, and 
ſometimes only the radius of the circle can be practically meaſur- 
ed, we ſhall lay down the proportions they bear to one another 
in moſt of the figures that occur in practice, which are calculated 


to a ſufficient exactneſs i in moſt cafes, via. N 
The Proportion that the Sides bear to the Radii 27 the cnfiribed 
Circles. | 

Equilateral triangle Ic: 30 as 1to ©. 288 
Pentagon or polygon of 5 ſides 0 . 688 
Hexagon 6 0. 866 
Heptagon 7 I . 038 
Octagon 1 982 1 207. 
Nonagon _ 9 1. 378 
Decagon 10 1. 538 
Undecagon 11 I . 703 

_ Duodecagon, . 12 I . 866 


We ſhall. give one example under this head, which we think 
will be ſufficient. 
Required 5 Ares of an Octagon whoſe Side i is 24. 


A$1:1,207:: 24: 28, 968, the radius of the inſcribed circle. 
f 24 x 8 = 192 = lum of the ſides. 
Then 


A 


88 
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Prarr T4 multiply 28968 by 96 half the fum of the ſides; 
a prod 


an t will be 1780, 928 the area required, 
. ö # 405 


P ROB. VI. * 
Ti o find the Area of a Circle, 


As mathematicians conſider a circle as a polygon of an infinite 
number of equal ſides, the circumference will be equal to the ſum 
of all the ſides: If this then be multiplied by half the radius, 
the product will be the area, the ſame as if it were a polygon ; 
but before this can be done, the circumference muſt be found, 
by inveſtigating the proportion it bears to the diameter, which 
has been calculated to great exactneſs by ſeveral eminent mathe- 
maticians, and is univerſally allowed to be as 1 is to 1.141592, 
Sc. in practice, as 1 to 3.1416; hence the arca of a circle may 
be found by the following rule, vis. | 

Multiply the diameter by 3.14.16, and the product will be the 
circumference ; this again multiplied by + of the diameter (which 
is the ſame as half the radius) will give the area, which will be 
the ſame as if the diameter be ſquared, and the ꝝ of the product 


multiplied by 3.1416, as will appear by the following : 


EX AMP L E. 
What is the Area of a Circle whoſe Diameter is 128, 


128 x 3.1416 = 402.1248; then + diameter 32 x 402.1248 
— 12867.9930; the area required: == 128 Xx 32 * 3.1416; 
for when ſeveral numbers are to be multiplied into one a- 
nother, it will be indifferent in what order the operations are 


performed ; but if inſtead of 32 we take 2, which is equal to it, 
128 x 128 


and multiply the diameter by this fraction, it will be 


| 4 

the ſquare of the diameter 16384 divided by 4 = 4096, al- 
fo 128 x 32 = 4096, and 4096 x 3.1416 = 12867.9936, the 
area as before; now becauſe 4 will always be a diviſor, and 3. 1416 
a multiplier; we may take + of 3.1416, which is 7854, for a 
multiplier, and then there will be no occaſion for a diviſor ; and 
the area of any circle will be found by multiplying the ſquare of - 

© : er inns Ben © the 


rer. MH. PLAIN SURFACES: 


the diameter by. 78 54, and the product will be the area 128; & 1281 Pare 


== 16384 the ſquare of the diameter, and 16384 x 7854 
12867.9936 the area as before: Hence the areas of circles will 
be in the ſame proportion as the ſquares of their diameters: And 
becauſe the ſquare of 1 is 1, the area of a circle whoſe diame- 
will be 78543 or, if the circumference, which is 3-1416, be 


multiplied by a + of the diameter Me ar 42 Ons it _ 0 5 7854 
the area as er 


—— 


KEE R 0 B. VII. b 
To find the Area of a Sector. 


Rule. Find the area of the whole circle; then fay, as 260, the 
degrees contained in the whole circumference : are to the area of 


the whole circle; ſo is the number of degrees contained in any Fig. 20s 


arch, as ADB to the area of the fetor AC BD. 


'PROB. VIII. 
To find the Area ef the Segment of a Circle, as A BD. 


Rule. Find the area of the triangle made by the radii A C, BC, 
and the chord A B, which ſubtract from kf area of the ſector 
AC BD; the remainder will be the area ofthe ſegment AB D. 
But it often happens that we have the Pres of ſo large a 
circle, that a abt pa part of the circumference may be taken for a 
right line; and rt wg the plane will bt contain the radius, it 
will be difficult to know whether the curve be an arch of a circle, 
or of an ellipſis, or it may be neither; for as the periphery of the 
ellipſis falls within that of the circle, ſo there may ſeveral curves 
fall between them, or within the ellipſis, which mathematicians 
have give* no rules to inveſtigate. In ſuch caſes, we preſume the 
TTY method may do for practice, and be pretty near the 

truth in moſt cafes. 

Draw ſeveral lines perpendicular to the chord, or right line, as 
T 8, at equal diftances from one another; ſuppoſe 1 foot. Theſe 


will divide the whole ſurface, whether it be the ſegment of a cir- Fig. 45» 


cle, or of any other curve, into. as many trapezia, leſs one, as 
there, are perpendiculars, and two right angled triangles beſides ; 
now the areas of all theſe added together, will give the area of 


I the 


I. 


60 
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Pure the whole: ſegment; and as every one of the trapezia have two 
parallel ſides, and every perpendicular is a ſide to two trapezia, 


Fig. 4 


/ 


or to a trapezium and a triangle ; the ſum of all the perpendicu- 
lars multiplied by the diſtance between each, will be the area of 
the whole; and if the diſtance be 1 foot, the ſum of all the per- 
” pendiculars meaſured in feet, will be the area in feet of the whole 
fpace contained within the right line and curve. | 


But as one ſide of every trapezium 1s a curve; if this fide ſhould 


differ perceptibly from a right line, draw a chord to it, which 


will cut off a ſmall ſegment ; in which, if there be drawn other 
two chords to meet at the middle of the arch, we ſhall have a 
triangle, the area of which muſt be added to that of the trapezi- 
um; theſe ſegments will be greateſt at each end, if it be an arch 
of a circle, which may be reduced to two or more triangles ; but 
there are ſome curves that approach ſo near a right line at each 
end, that þ ſmall part may be taken for ſuch, without any ſenſible 


Error. 


FROM ' In 


To find the Area of an Ellipſis. 


As every ellipſis is equal to a circle, whoſe diameter is a mean 
proportional betwixt the tranſverſe and ee diameters, and 
this is found by multiplying the tranſverſe diameter by the conju- 
gate, and extracting the ſquare root of the product; the ſquare 


of this mean diameter multiplied by. 78 54, will be the area of 


the ellipſis; hence the following rule: 
Multiply the tranſverſe diameter by the conjugate, and that 
product by . 78 54; the laſt product will be the area required. 


BN 
Let the tranſverſe diameter be 48, and the conjugate 32. 
Then 48 x 32 = 1536, and 1536 x 78 54. 25 
= 1206. 3744, area required. 


It remains to be proved, that the mean proportional to the 


tranſverſe, and conjugate diemeters, will be the diameter of a 
circle equal to the ellipſis; for which take the following. 
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Let the ellipſis T C S E, be inſcribed in a circle whoſe dia- 


ö eg . * r 79. W. 0 | Fic N 
meter is TS; then the area of the ſemicircle will be equal to the 'S _ 


| ſum of the areas of all the trapezia contained in it; now the el- 


lipfis contains the ſame number, but ſmaller trapezia, and the ſum 
of their areas is the area of the ſemi-ellipſis; therefore the area 
of a circle, is to the area of the ellipſis; as a trapezium in the 
ſemicircle, is to the ſame trapezium in the ſemi-ellipſis ; but a 
trapezium in the ſemicircle is to a trapezium in the ellipſis, as the 
tranſverſe diameter ls to the conjugate; by the conſtruction of the 
ellipſis ; hence as the area of the circle: area ellipſis:: TS: CE, 
B multiplying the two laſt, terms by T 8, their, products will, 
ſtill be proportional to the two firſt terms; that is, as the area of 
the circle: area of the ellipſis:: TSX TS: CEx TS, but T8 
x TS, is the ſquare of the diameter of the circle, and CE x TS 


* 


is the ſquare of the mean proportional. 


% 
e Menſuration of Solids. N. 75 
A Solid is that which has three dimenſions, v. length, breadth, 


and thickneſs; and as the areas of all ſurfaces are eſtimated 
in ſquares, ſo are the contents of any ſolid eftimated in cubes. 


A cube is a ſolid limited by 6 equal ſquare ſurfaces, like a die. 


If the ſide of the ſquare be 1 inch, foot, yard. Ce. the ſide of the Fig 48. 
cube will be the ſame; and the ſolid is ſaid to be a cubic inch, 
foot, or yard. 54 
A parallelopipedon is limited by two parallel and equal ſquares, 
called its baſes, and four rectangles for its fides, which may be 
called the heighth or length, and if they are perpendicular to the 
baſes it is a right one; but when the ſides are oblique to the baſes, 


then it is an oblique parallelopipedon; the like may be faid of th 


following figures. 7 | 
A priſm is limited by two parallel and equal polygons for its Fig. 4, 
baſes, and as many rectangles as the polygon has fides; if the 
baſes be triangles, it is called a triangular priſm, but if ſquares, 
it is a parallelopipedon, &c, 
I 2 2 A 


62 MENSURATION ef Omar. IV. 
Pu.are A pyramid is a priſm, taper'd to a point at the top; it has but 

I. one baſe, which is a polygon, and as many ifoſceles triangles as 
Fig. 48. the polygon has ſides, meeting at the top, which is called the vertex; 


titude. 
Fi A cylinder has two equal and parallel circles for its baſes, and 
S 47 the ſpace betwixt them is limited by one curve ſurface. It one 
fide of a rectangle be fixed as an axis, the oppoſite fide moved 
round, will deſcribe the curve ſuperficies, and the other two ſides 
will deſcribe the baſes; of this form is a rolling ſtone. © + | 
Fig. 50. A cone is, in reſpect of a cylinder, what a pyramid is in reſpect of 
ga 4 priſm, and is exactly one third of a cylinder of the ſame baſe 
and altitude; it has but one baſe, which is a circle, and tapers to a 
point at the top, called its vertex, like a ſugar loaf. If the per- 
pendicular of a right angled triangle be fixed immoveably as an 
axis, the hypothenuſe, turned round, will deſcribe the curve ſur- 
face, and the baſe of the triangle will deſcribe the circular baſe of 
a cone. | 1 e 
A ſphere or globe, is a ſolid contained under one curve ſurface, 
every part of which is equally diſtant from one point, called its 
center, and may be formed by the revolution of a ſemicircle round 
the diameter. It is exactly two thirds of a cylinder, whoſe alti- 
tude and diameter of its baſe are equal to that of the globe. 
"' In order to find the contents of theſe regular ſolids, let us ex- 
Us amine how they may be compoſed ; and if we may not be allow- 
4. ed to ſay, that a great many plain ſurfaces of one inch ſquare, 
l and infinitely thin, laid you one another, will conſtitute a cubic 
N 


| 
| U inch, becauſe the ſum of ever ſo many cyphers will not make 
19 | one unit, yet it is very plain, that if ſevera] dies, or cubes of one 
1 inch, be laid upon one another, they will compoſe a parallelopi- 
pedon, containing as many cubic inches as it is inches in heighth; 
but if the heighth be only one inch, the ſolid will contain juſt as 


the baſe be 12 inches, the area will be 144, and it is plain it will 
take» 144 cubic inches to cover this baſe, It will require 12 ſuch 
ſquares of one inch high to compleat the cube, ſo that a cubic 
foot will contain 1728 cubic inches, that is 144 x 12; hence the 
fqllowing rules may be deduced. 


PR OB, 


it is exactly one third part of a priſm of the ſame baſe and al- 


many cubic inches as the baſe contains ſuperficial. If the fide of 
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To find the ſolid Content of a Cube, Parallelipipedin, Priſm, or 
Cylinder. Bs 


Rule. Find the area of the bafe by the problems in the preceding 
ſection, which multiplied by the perpendicular diſtance betwixt the 
baſes, gives the ſolid content in the ſame kind of meaſure as the 
dimenſions are taken, Or multiply the length, breadth and thick- 
neſs (all taken by one kind of meaſure) into one another ; the 
product is the content in cubes of the ſame meaſure; hence 1: 
area baſe ; : length: content. or 1: length:: depth x breadth : 
content, 4 | 


PRONS IF 
To find the ſolid Content of a Pyramid or Cone. 


Rule, Multiply the area of the haſe by + of the height; the 
product is the content 3: area baſe : : heighth ; content, 


SRP & 
To find the ſolid Contents of a Globe. 


 Ruhe 1. Find the area of a circle whoſe diameter is equal to 
that of the globe. - g. 5% n 
Rule 2. Multiply the area by double the diameter, and divide 
the product by 3; the quotient is the content of the globe, 3: 
area circle x 2 : : diameter of the globe: content. 


1 P ROB. IV. 
To find the ſolid Content of the Fruſtum of a Pyramid or Cone. 


Note. If either of theſe be cut, by a plane, parallel to the baſe, 
the top cut off, will be a pyramid or cone, and the remaining 
part its fruſtum, which will have two baſes; the {mall one is 
that of the cone or pyramid cut off; the great one, is the baſe 
of the whole cone or pyramid before it is cut: Hence, if we can 
find the content of each, and ſubtract the leſſer from the grea- 
ter, the remainder is the content of the fruſtum ; ſo all that is 
wanting is to find the heighth of each, and to do this : 


64 
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Fig. 50. 
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Subtract + the diameter of the leaſt from + the diameter 


of the greateſt baſe : then 


2dly. Multiply. the n diſtance betwixt the baſes by 


z the 1— of the greateſt baſe. 
44%. Divide this product by the difference of half the baſes, 
an 


the quotient is the heighth of the whole cone before it is cut, 


and ſubtracting the diſtance betwixt the baſes from this, we have 
the heighth of the cone cut off. 


DEMONSTRATION. / 


Let m AC be the fruſtum; draw the perpendicular SM; the line 
Cm is the difference of half the baſes, and the triangles 7 Cs, and 


Cr. tx, an m OT 


Cx are ſimilar; therefore CS: ms: d ,, tx, 


but F x is the heighth of the cone ; ; therefore m the heighth of 


the truſtum, 


PR 0 B. . 
To find the ſolid Content of irregular Solids, abies are re limited 1 ty 


ſeveral curve and plain Sur faces. 


To do this, let the ſolid be fappoſed to be cut by ſeveral planes, 


parallel to the baſe, and at one foot, or inch diſtance from one 
another. Every ſection will form two equal plain, furfaces. Half 
the ſum of all the areas, including the areas of both baſes, will 
nearly be the content in feet or inches; but if the ſolid has no 
plain ſurfaces parallel to one another, let two ſmall parts be cut 
off, which may be meaſured as parts of a globe, cone or pyramid. 
In all the foregoing problems it will be convenient to take the 
length, breadth and thickneſs, in the ſame kind of meaſure in 
which the content is required; but very often it happens that the 
content is required in feet, and the length given in feet; 
breadth and thickneſs in inches, or partly in feet, and partly in 
inches; as in, timber, bales, caſes. Sc. The value of timber is gt 
timated by the load of 59 feet, and the freight of bales, &c- 
by the tun of 40 feet. Such of our readers as are not well ac- 
queinted in e. or croſs multiplication, may reduce the feet 
into inches, ſo firſt find the content in inches, this divided by 
1728, gives the content in feet; and to render this method as uſe- 


ful and expeditious as poſſible, ye have ſubjoined three tables: 


the 
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the firſt is for dividing a number by 1728; the other two for find- 
ing the value of a remainder, and may be. of uſe in dividing by 
144, or by 12; and tho' moſt of our readers may be preſumed to 
have the laſt table by heart, yet as all may not, we chooſe to 
inſert it. 


Taiz 1. | TAaBLE2. | TaBLE 3. 
'x- 1728 | 1- 14441 12 
2 - 3456 2 - 288] 2 - 24 
3 5184 3- 432| 3 - 36 
4 - 59124 576 4- 48 
5 - 8640] 5 - 720 | 5 - 60 
6 - 10368 | 6 8644 6 - 72 


7 - 12096 | = 1008 7 84 
8 - 13824 4 


9 - Ig552 | 9 - 1296 | 9g - 108 


E. XA MP L XE. 

Required the content of a caſe: | 
Length 7 feet 5 inches, or 89 inches; breadth 3 feet 5 inches, 
or 41 inches; 2 Pet 5 inches, or 29 inches depth, 1 
Now 89 x 41 Xx 29 = 105821, and when this is divided by 
1728, the quotient will be 61 feet, and 413 remaining; to find 
the value of this, look for it, or the number next leſs in the ſecond 
table, which is 288 againſt which is 2, that is r of a cubic 


foot, which are called inches; again there will be a remainder of 


I25; the next number leſs in the third table is 120, againſt 
which is 10, that is 3+ of an inch, and a remainder of 5, which 
is += of A of an inch; ſo the content is 61 feet, 2 inches, 10 pri- 
mary parts,. and 5 ſecondary parts; all conciſely expreſs'd thus, 
6t<=2; 70: 5. | | | | 
It muſt be obſerved, that by one inch is underſtood 144 cu- 
bic inches, being the 12th part of a cubic foot; by one of the firſt 
parts 12 cubic inches, and by one in the laſt part is underſtood 1 
cubic inch. 1525 | He 
But when the length is given in feet without any odd inches, 
and the other two dimenſions in inches, the operation may be 


performed without reducing the feet to inches; only dividing by 


144. E X- 


MENSURATION YT Cnar. IV; 


" BXAMPEP.L K | 
What is the content of a piece of timber 24 feet long, 18 
inches broad, and 14 inches deep; 24 x 18 x 14 == 6048, and 
6048 — 144 == 42, the content in feet; after the ſame manner 
any other piece of ſquare timber may be meaſured ; but in prac- 
tice it is not always required to find the exact contents of timber, 
for ſometimes the computed 1s leſs, and ſometimes more than the 
real content. 

It would be very difficult to find the exact contents of a tree, 
but as it generally grows pretty near round and tapering, it will 
be ſomewhat like a fruſtum of a cone; notwithſtanding which, 
it is meaſured as if it were a parallelopipedon, and to find the 
ſquare baſe in ſome places, the circumference of the tree is taken 
by girting it with a line pretty near the middle, and à of this is 
accounted the ſide of the ſquare ; now it is plain that the area of 
ſuch a ſquare will be above + leſs than the area of the circle, and 
the tree meaſures ſo much leſs than the true contents. | 

In other places the tree is hewed ſomewhat in the form of an 
irregular priſm of four flat fides and four round ; the baſe will be 
an octagon, contained under four equal chords, and four arches 


of circles, but in meaſuring the tree the chords are ſuppoſed ta 


be produced till they meet, and form a ſquare; the area of this, 
multiplied by the length, is accounted the content, tho? it is plain, 
the tree thus hewed, does not contain near ſo much, becauſe there 
is wood wanting at the corners, theſe are called wanes, and the flat 
fides are called ſquares; beſides the tree may be hewed in ſuch 
a manner as to make it contain more than the real contents of the 


tree, even if it were allowed to be a cylinder, ſo that there may be 


very great impoſitions on the purchaſers; to prevent which, the 
government contract, that the tree ſhall be hewed in ſuch a manner, 
that what is to be called the fide of the ſquare ſhall bear a certain 
proportion to the diameter of the tree, which may be eaſily diſcover- 
ed by the callipers; ' for if they be applied to the wanes, we have the 
diameter of the tree, and if to the flats, the fide of the ſquare, or 
the thickneſs ; now becauſe the larger the wanes are, ſo much 
more will the tree meaſure; it muſt be hewed ſo that two wanes 
ſhall not exceed one ſquare, What is meant by a wane ſhould 
likewiſe be expreſſed, for it. is generally allowed to be the round 
| ES park 
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part of the tree where the wood is wanting to a the ſquare, PLA 


or the chord of it, which may be taken with a pair of compaſſes, I. 


as in Fig 53. BE is the wane, and is exaCtiy half the ſquare T B; 
but in ſome contracts the portions of the chords, which are pro- 
duced without the circle to compleat the ſquare, are called n 
as in Fig 52. DT half TE. 

It is very difficult to hew a tree exactly to this ſtandard, and 
very often the wanes are as big as the ſquares, as in Fig. 54. 
where the ſquares divide the circumference into 8 equal parte ; by 
which means the content of the tree, meaſured as a parallelo- 
pipedon, would be to the real content meaſured as a cylinder, 
nearly as 34142 to 31416; for which reaſon, before it is mea- 
ſured, it muſt be reduced to its proper thickneſs at the meaſuring 
place, which is nearly the middle of the tree: For tho all trees 
Tapes and conſequently are greater at the butt than the top end, 
yet they are allowed to be cylinders, the diameters of which are 
taken at the middle. But there will be no occaſion to hew the 
tree, as the proportion is known, which the thickneſs of the 
tree, when properly hewed, ſhall bear to the whole diameter. 1 
that is neceſſary, is only to conſtruct a line of equal parts, which 
ſhall have the ſame proportion to a line of inches, that the dia- 
meter of the tree has to this thickneſs. If the tree happens to be 
thicker one way than the other, a mean proportional muſt be 


found for the diameter. 
The conſtruction of a line of equal parts, that ſhall have the ſame 


proportion to a line of inches, that the diameter ſhall have to the 
thickneſs when the tree is hewed ſo that the flat ſhall be double 
the wane, will admit of two caſes. 

Caſe 1. When by the wanes are underſtood the portions of the 
chords, produced without the circle to compleat the ſquare. 

11. Erect a perpendicular at K, and from K to C ſet off any 
number of inches, and from K to O double the line K C; then Fig. 52. 
draw the line C O, with which as radius, from the center O, de- 
tribe a circle. 

2d. Divide the line C O ü into the ſame number of equal parts 
as the line O K contains inches; then will 21 f of thoſe diviſi- 
ons be equal to 24 inches very nearly ; ; that is a tree whoſe dia- 
meter is 24 inches, will be 21 + inches thick when hewed. 


Now if the chords be produced till they meet, they will form 
— K. A 
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plain that C O is half the diameter of the 
I. tree, and K O half the thickneſs; and becauſe the wane C D, or 


cording to the contract. Hence it is evident, that when the tree is 
ſo hewed, the diameter will contain as many equal parts of the 
line C O, as the thickneſs taken upon the flat will contain inches. 
Caſe 2. When by the wanes are underſtood the chords of the 
arches, or the round parts of the tree, where there is no wood 
taken off, as B E, D N, IG, FT; and it be required to hew 
the tree; ſo that the flats TB, FI, G N, D E be double thoſe 
wanes. 4 5 
1/7, Make an angle of 45 degrees, at the point B, or which is 
the ſame thing, an angle of go degrees at M; and taking the points 
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Fig. 52. its equal C K, is half the flat CB, the tree is properly hewed ac- 


Band E, equally remote from M; draw the line BE, and make 


BA and A T each equal to BE; ſo ſhall B T be double of BE. 
2d. Thro' the points T, B, E, deſcribe a circle; and thro! the 
center C draw C A perpendicular to TB; ſo will the flat T B be 
double the wane BE, the line C B half the diameter of the tree, 
and the line C A half the thickneſs: And if the line C B be di- 
vided into the ſame number of equal parts, as the line C A con- 
tains inches; it is plain the diameter, when meaſured on this 
line, will contain as many equal parts of this, as the thickneſs 


contains inches. The following example will ſuffice to illuſtrate | 


what has been ſaid on this head. 


. 


Fig. 32. Let there be a piece of timber 20 feet long, and 24 inches di- 
ameter, to be hewed ſo as to make the flats, according to Caſe 1. 
and let us ſuppoſe that when the timber is ſerved in for meaſure- 
ment, it is found, by applying the callipers to the flats, to be 22 + 
inches thick. Now to know if it be properly hewed, meaſure the 
diameter by a line graduated, as C O, which will be found to be 
nearly $1 +; which ſhews there ſhould be one inch more hewed 
off; and therefore 21 4 muſt be taken for the fide of the ſquare 
baſe, which will make the content in feet 64; for the thickneſs 
is not quite 21 +, it being only 21.466. 
Now 144 : ſquare of the thickneſs in inches: : length in feet: 
content in feet: That is, 144: 460.789156:: 20: 04. 


The content may be found by meaſuring the diameter by a 


line 


M2 
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line of inches, for which the following proportion muſt be ta- PLATE 
ken; as 180 is to the ſquare of the diameter in inches ſo is the I. 
length in feet to the contents in feet; for 144 is to 180 as the 
ſquare of the thickneſs to the ſquare of the diameter, which 
may be thus proved: 144 4 =zb, and 36 x 5 = 180, now + of Fig. 52. 
the ſquare of the thickneſs taken upon the flat, multiplied by 5 will 
be the ſquare of the diameter ; for the ſquares of K O, and K C 
both together, are equal to the ſquare of O C, by Prop. 20. Chap. 
3. but the ſquare of K C is + of the ſquare K O; therefore five 
times the ſquare of K C will be equal to the ſquare of OC. In 
this example the ſquare of the thickneſs is 460.789156, which 
is the ſecond term in the proportion, when 144 is the firſt : But 
if + of the ſecond term be multiplied by 5, and that product 
taken for the ſecond term, it 1s certain, to preſerve the ſame pro- 
portion ; that + of the firſt term muſt likewiſe be multiplied by 5, 
and the product made the firſt term. Now this is the very caſe here, 
when the ſquare of the diameter is taken for the ſecond term; 
460.789156 = 4 = 115, 197289; this x 5 = 575. 986445 and 
24 X 24 = 576; then 180: 576: : 20: 64 the content as ber- 
fore; tho” it is plain this exceeds the real content. becauſe of = 
the wood that is wanting at the corners. It is even more than the 
whole tree would meaſure, allowing it to be a cylinder of 24. 
inches diameter; for the ſquare of the diameter 576 x .7854 = 
452.3904 the area of the baſe in inches. Again, 144: 45 2. 3904 
:: 20: 62.8, the content in feet, | ; 

If it be contracted that the tree is to be hewed, as in Caſe 2. Q 
when the diameter 24 inches is applied to the line conſtructed for p; 
that purpoſe ; it will meaſure 20.71. Then 144: 20.71 x 20.71 S950 
2: 20: 59.5 the content in feet. This may likewiſe be done by 
taking the ſquare of the diameter in inches for the ſecond term, if 
193-3 be taken for the firſt: 193.3: 24 x 24: : 20: 59.5, as be- 
fore: And that 144: is to 193.3 : : as the ſquare of the thickneſs 
taken on the flat: is to the ſquare of diameter, may be thus prov- 
ed: Let the radius C B be 10000; then will the fine of the an- 
gle AB C be 8268; and 8268 x 8268 : 144 : : 10000 x 10000 
: 193-3- By this it appears that there will be 7 per Cent. diffe- 
rence in hewing the tree by this method. 

The works of the ſeveral artificers relating to building, whe- 
ther ſuperficial or ſolid, may be meaſured by the preceding rules: 
But as all the operations require multiplication and diviſion; this, 

EY 4 Uno 5 
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in ſome caſes, is deemed too tedious for practice, on which account 
they make uſe of the ſliding rule. But before the lines neceſſary for 
that purpoſe can be conſtructed, there muſt be ſome method found 
to multiply and divide natural numbers, by adding or ſubtract- 


ing artificial ones: This is moſt effectually done by the Loga- 
rithms; which ſhall be the ſubject of the next chapter. P 


CHAP Y. 
of LOGARITHMS. 


T is not our buſineſs here to conſtruct tables of _ theſe admira- 

ble numbers, they being already calculated to great exactneſs. 
The learned are obliged for this uſeful diſcovery to the indefati- 
gable labour of the noble inventor, Lord Neper. We ſhall only 
explain ſo much of the nature of them, as is neceſſary for under- 
ſtanding the uſe and conſtruction of the line of numbers. 

LoGAR1THMS are artificial numbers adapted to natural num- 
bers, and ſo contrived, that by adding the logarithms of any two 
numbers, their ſum will be the logarithm of the product of theſe 
two numbers, or by ſubtracting the leſs from the greater, the 
remainder will be the) logarithm of the quotient of the one di- 
vided by the other. From this deſcription, the following in- 
ferences will eaſily be deduced, vs. 

1. Every natural number muſt have a proper logarithm, and 
therefore a table ſhould be made to find it by inſpection. 

2. If the logarithm of any number be increaſed, the correſ- 
pondent natural number will be increaſed likewiſe. | 

3. If the logarithm of any number be added to itfelf, (or 
which is the ſame thing, if it be doubled) the ſum will be the 
logarithm of the ſquare of the natural number. 

4. If the logarithms of any two numbers are known, the lo- 
garithm of the product of thoſe two numbers may with certainty 
be found: For, if the two known logarithms are added together, 
their ſum will be the logarithm of the product. | 

By a careful attention to theſe inferences, we may eaſily 2 

oga- 


. 


Ala I, aui, page 10: 
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logarithms to the following rank of natural numbers in a continu- 


ed geometrical proportion, viz. 1: 2: 4: 8: 16: 32:64: 128, 


Sc. which may be continued to any number of terms. Here 1 
is the firſt term, and 2 the ratio; ſo every term is the product 


of the preceding term multiplied by 2, as will appear by bare 


inſpection. ; | 


Unity (or 1) is the firſt natural number, and its logarithm muſt 


be a cypher (55 If. 2.) for unity neither multiplies nor divides - 


any number ; ſo its logarithm muſt neither increaſe nor diminiſh 
any other logarithm. 

The logarithm of 2 may be aſſumed at pleaſure, but this will 
determine the logarithm of all the reſt: Suppoſe it 10; the next 
natural number is 4+ Now 4.is equal to 2 x 2, therefore its loga- 
rithm will be 10 + 10 = 20, which muſt be the logarithm of 4. 
The next natural number is 8, or 4 * 2: Add therefore the loga- 
rithms of theſe two numbers, viz. 20 and 10, and their ſum 30 


will be the logarithm of 8 (by If. 3 and 4.). 


It is eaſy to obſerve, that as the rank of natural numbers is 


formed by a continual multiplication of each preceding term by 
the ratio; ſo their logarithms are formed by a continual addition 
of the logarithm of the ratio: And as this logarithm may be aſſum- 
ed at pleaſure, ſo there may be different ſorts of logarithms, as 
in the following, v2. | N | 
I: 2: 4: 8:16: 32: 64: 128: 256: 512 : 1024 Numbers. 
O :10:20: 30: 40: 50:60: 70: do: 90: 100 Logarithms. 
O : 15: 30: 45:60: 75 : 90: 105: 120: 135 : 150 Logarithms, 


It-is evident, that either of theſe ranks of logarithms will anſwer 
the propared end: For if it were required to multiply 32 by 8, 
the logarithm of 32 is 50, the logarithm of 8 is 30, and 30 
50 = 80, which is the logarithm of 256 = 32 * 8. 

This may ſuffice to ſhew, that if there were a table of loga- 
_ rithms to all the natural numbers we ſhould have occaſion for, 
there would be no need of multiplication or diviſion. The difficul- 
ty will be, to make ſuch a table for all the intermediate numbers, 
which I preſume the inventor might effect in the following man- 
ner. | : 


| Inſtead of aſſuming the logarithm of 2, he might chuſe 


1.0000000 for the logarithm of the natural number 10, the dou- 


ble of which would be 2.0000000 ; for the logarithm of 19%, 


” ad 
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and the treble 3.0000000 ; for the logarithm of oo, and fo on, 
as in the following table. FENCE 


— 


Natural Numbers. Logarithms. ; 


— 


1 | 0.0000000 
IO | 1.00G0000 
100 | 2.0000000 
I00O | 3.0000000 
I0000 | 4-0000000 
100000 | 5.0000000 


It is evident from the foregoing table, that the logarithms of all 
the natural numbers between 10 and 100 would begin with 1; 
between 100 and looo with 2; and between 1000 and 10000 
with 3, Fc. theſe initial figures are called characteriſticks, and 
denote how many places the firſt figure of the natural number 
ſtands from unity: It is alſo evident, that the logarithm of any 
natural number under 10, would be leſs than 1, with 7 cyphers 
annexed, and therefore would begin with 2, 3, &c. with 6 figures 
more annexed, But to make it contain the ſame number of fi- 
gures as the logarithms of the numbers above 10, he prefixed 


a a Cypher to it, which is the characteriſtick of all the natural num- 


bers under 10. 
Having thus aſſumed 1.000000 for the logarithm of 10, the 


half of it o. 5000000. would certainly be the logarithm of the 


fquare root of 10, which the inventor with great care and pains 
muſt have extracted to 7 decimal places. If this root were mul- 
tiplied by 10, the logarithm of the product would be 1. 000000, 
the half of which 0.7 500000, would certainly be the logarithm 
of the ſquare root of that product. In this manner, I preſume, 
he proceeded to find the proportionals between 1 and 10, till 
the root came to more than 9, and then found mean propor- 
tionals betwixt that and the next root leſs than q, till at laſt, af- 
ter a great number of trials, he came to the root, or abſolute 
number 8.9999999, which is ſo very near 9, that it may be ta- 


Feen for the ſame, the logarithm of which he found, by the fame 


number of additions and halvings, to be 0.9542420. 

In the fame manner he might proceed to find the logarithms 
of 5 and 7, and having found theſe, the logarithms of 2, 3, 4, 6, 8, 
might eaſily be found, for half the logarithm of 9 would be the 
logarithm of 3, and if the logarithm of 5 is ſubtracted from the 


loga- 
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logarithm of 10, the remainder will be the logarithm of 2, the 
double of which is the logarithm of 4, and that doubled again 


will be the logarithm of 8; and if the logarithm of 2 is added 


to the logarithm of 3, the ſum will be the logarithm of 6, 
Buy theſe means, I preſume, after a great deal of indefatigable 
pains, and an uncommon: application, he at laſt finiſhed his 
table, which was juſtly eſteemed one of the moſt uſeful diſco- 
veries in the art of numbers, and has accordingly been univer- 
ſally received by all mathematicians, and the lord Neper is al- 
lowed the whole honour of the invention without any rival. 
Other methods have been propoſed by authors who have wrote 
on this ſubject, whereby the operations may be ſhortened in the 
conſtruction of the table; but, as our deſign in this place is only 
to make the reader acquainted with the coherence of the loga- 
rithms and natural numbers, being the ſame with that of num- 
bers in arithmetical and geometrical progreſſion ; I think the 
preceding method the moſt likely to anſwer that purpoſe, as be- 
ing' the moſt intelligible, and the fundamental principle, up- 
on which thoſe methods that have been found to ſhorten the 
work muſt be grounded. Tables being already calculated by 
the inventor, as well as by ſeveral ſucceeding mathematicians, to 
a great exactneſs, there is now no neceſſity for that trouble, we 


ſhall be llowing propoſitions, ſhew the manner of 
finding logarithms in the tables, and ſome of their various uſes in 


arithmetical operations. | 


P N 0 F. I. 


To find the logarithm of any given number, 


Rule, Look for the number in the firſt column, (under Ne) 
and if it? conſiſts of leſs than 3 figures, its logarithm will 
be found in the firſt page, with its proper characteriſtick. If it 
conſiſts of 3 figures, it will be found in the following pages in 


the firſt column, and 5 4 againft it in the column under , 


you will find its logarit 

If the given number conſiſts o 
as before, and look for the laſt figure at top, and in the column 
under that, right againſt the three firſt figures, you will find the 
proper logarithm : Only you are to obſerve, that in this caſe the 


characteriſtick will be 3: For the abſolute number muſt always 
] : contain 


„ with a N characteriſtick. 


4 places, find the firſt three 
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contain one place of integers more than the characteriſtick does of 
units. If one, or more, of the laſt figures are decimals, the loga- 
rithm will be the ſame: The difference will be only in the cha- 
racteriſtick, which, as we have obſerved before, always denotes 


how many places the firſt figure of integers ſtands from unity 
the following examples will be ſufficient under this head, | 


Num. Logar. Num. Logar. 

8 | 0.903090 | 7569. | 3.879038 A 
88 | 1.944483 | 756.9 | 2.879038 

699 | 2.844477 | 75-69 | 1.879038 

5463 | 3-737431 | 7-509 | 0.879038 | 


RK on u. 


To find the abſolute number correſponding to any given Logarithm. 


Rule, Without regarding the characteriſtick, look for the given 
logarithm in the table ; and right againft it, in the firſt column, 
under No, you will find the three firſt figures, and at top, 
the fourth figure of the number required. But, if the number 
thus found ſhould conſiſt of fewer places than is expreſſed by 
the characteriſtick, the deficiency muſt be made up by annexing 
cyphers: And if it conſiſts of more places, one or more of the 
laſt figures muſt be decimals, as in the following examples. 


— — — —— 
* 


« EXAMPLE I. I 


Let the given logarithm be 3.914872. Againſt .914872; in 
the table you will find 822, in the firſt column under N; fo 
that, as the characteriſtick is 3, and the logarithm is found in 
the column under o at top, the number ſought will be 8220. 
But if the characeriſtick had been 2, the number would have 
been 822; and if it had been 1, the laſt figure would have been 
a decimal, and only the two firſt figures integers, viz. 82.2. 

If the above logarithm .914872 had not been found under o, 
in the table, the fourth figure would not have been a eypher, 


but one of thoſe at top of the table under which it had been 
| | | found. | | 


. 


Let the given logarithm withbut the characteriſtick be .018 345. 
This will be found in the column which has the figure 6 at 1 ; 


ts 
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the abſolute numbers muſt therefore be taken to 4 places of fi- 


gures at leaſt, the characteriſtick always denoting how many of 
thoſe figures muſt be reckoned as integers, as in the follow- 


ing, VIZ. 


Logarithms Numbers 
5.918345 | 828600 
4.918345 82860 
3.918345 8286 
2.918345 828.6 
1.918345 82.86 
0.918345 8.286 _ 


If the given logarithm cannot be had exactly in the tables, we 
muſt take the neareſt to it ; ſuppoſe it 3. 86 1080 the natural num- 
ber correſponding thereto will be more than 7262, but leſs than 
7263. But becauſe the given logarithm is nearer to that of 7262, 
that may be taken for the required number : Thoſe who incline to 
more exactneſs may find a figure of decimals by the following me- 


thod. 


From the given logarithm 3.861080 difference - 
Subtract the next leſs — 3.861056 J is 24 


From the next greater log. 3.861116 J difference 
Subtract the next leſs — 3.861056 & is 60 


Then ſay, as 60 (the difference betwixt the two neareſt loga- 
rithms to the given one) is. to 10 ſo is 24 (the difference be- 
twixt the given and next leſs) to 4, the decimal required: So 
7262.4 is the natural number correſponding to 3.561080. 

That the natural number is by-this method found to great ex- 
actneſs, may be proved by adding the logarithms of any two 
numbers together whoſe product is equal to it. 


' Thus, 605.2 x 12 = 302.0x 24 =7202:4 -. 


Num. Log. Num. Log. 
605.2 2.781899 302.6 2.480869 
12 107918 24 1.380211 
7262.4 — — — 
3.161080 3.861080 


The reaſon of this is plain, for if to the logarithm of 7262, 
be added 60, the natural number will be increaſed a whole unit; 
but if only 1 tenth, 2 tenths, Sc. of 60 be added to it, the na- 


tural number will be increaſed only 1 tenth, 2 tenths, c. of an unit. 
L _ Hence, 
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Hence, by the reverſe of this method we may find the loga- 
rithm of a number of five figures; for, after finding the loga- 
rithm of the firſt four figures, ſubtract that from the next 
greater logarithm in the tables; then ſay, as 10 is to the dif- 
ference betwixt the logarithms ſo is the fifth figure in the na- 
tural number to the number to be added to the logarithm of 
the firſt four figures, BS 
Let the number whoſe logarithm is required be 72624. 
Log. 5 
7263 5 
7262 3.861056 10 : 60 :: 4: 24, and 
N 24 + 3.861056 = 3.861080 


difference 60 


But becauſe the natural number has five figures, the character- 
iſtick muſt be 4. SIE | 


F 


Multiplication and Diviſion by Logarithms. 


Rule, Add or ſubtract the logarithms of the natural numbers, 
their ſums will be the logarithms of the products, and their re- 
mainders the logarithms of the quotients; and as the rule of 
Three requires both theſe operations, we ſhall refer thereto for 
examples, | 


0-4; 


The Rule of Three, by Logarithms. 


Rule, Add the logarithms of the ſecond and third terms toge- 
ther, and from the ſum ſubtract the logarithm of the firſt term; 
the remainder will be the logarithm of the fourth term required, 


: E 


If 64 give 21, what will 72 give? 
Log. 
ſecond term 21 1.322219 
third term 72 1.857332 


product 1312 ſum 3.179551 
firſt term 64 1. 806180 


— 


fourth term 23.62 1.373371 


% 


— 
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As the laſt logarithm cannot be had exactly in the tables, we 
mult (as already obſerved) take the neareſt to it, which is, 473280. 
againſt which, in the column under number, is 236, and the fi- 
gure at the top is 2; ſo that 23.62 will be the neareſt, for the 
characteriſtick being 1, the two laſt figures will be decimals. 

We ſhall in the next examples ſhow the uſe of the logarithms, 
when any of the terms are mixed numbers, or decimal fractions; 
and here we think it needleſs to perplex our readers with nega- 
tive ſigns, as the whole buſineſs may be done by ufing the ſame 


proceſs as if_ they were all integers; for then the characteriſticks 
will all be poſitive, and denote how many places of figures are 
contained in the product, or quotient; and we may find how 


many are decimals, by the very ſame rule that is made uſe of 
when the operations are performed by multiplication and diviſion 
of the natural numbers. | | 


RX AMPLE © 
If 16.5 give 3.75, what will 49.5 give? 


We ſhall work this as if the terms were all integers, and like- 
wiſe as mixt numbers; the difference will be only in the cha- 


3-75 Log. 2.574031 _ 0.574031 
49.5 2.694605 1.694605 
185.625 5.268636 or 2.268636 
16.5 2.217484 1.217484 
11.23 3.061152 1.081132 


In the firſt operation, when the logarithms of the ſecond and 
third terms are added together, the characteriſtick is 5: This 
ſhews there will be fix figures in the product: But then, becauſe 
there is one place of decimals in the multiplicand, and two in 
the multiplier, there muſt be three places of decimals in the 
product, and only the firſt three figures are integers. And this is 


agreeable to the characteriſtick, in the ſecond operation; which 


being 2, ſhews there will be three places of integers ; but this 
does not determine how many places of decimals will be requi- 
ſite to compleat the product. Again, when the logarithm of the 
firſt, is ſubtracted from the ſum of the other two, in the firſt o- 

L 2 pera- 
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peration the characteriſtick is 3, which ſhows there will be four 
figures in the quotient. But becauſe there are three decimal places 
in the dividend, and but one in the diviſor, there muſt be two 
decimals in the quotient. So the firſt two figures will be inte- 
gers, and the laſt two decimals: It is the ſame by the 
ſecond operation; where the characteriſtick is 1. The firſt opera- 
tion ſeems to have the advantage of the ſecond, becauſe it diſ- 
covers how many decimals will be in the product or quotient. 


111 43M 
If 165 give ,375, What will „49 5 give? 


The figures in this being the ſame with the former, the ope- 
ration will alſo be the ſame; the difference will be only in the 


value of the figures in the product, and quotient. The ſecond 


and third terms being decimals, their product will likewiſe be 
decimals ; and the characteriſtick being 5, it will conſiſt of fix 
places : But when this comes to be divided by the firſt term, 
which is 165, all integers, the dividend will contain fix places 
of decimals more than the diviſor, and therefore the quotient 
muſt likewiſe have fix decimal places ; whereas, by the prece- 
ding operation, the characteriſtick of the logarithm of the quo- 
tient is three, which ſhows it will contain only four ſignificant 
figures; to which there muſt be two cyphers prefixed, to make 
up the deficiency, and then it will be the ſame as if the opera- 
tion was performed by natural numbers; .375 x .495 =.185625, 
and . 185625 — 165 = 001125 : But if the diviſor is a fraction, 
as „165, and the dividend the ſame as before, then it will con- 
tain only three decimal places more than the diviſor ; ſo the quo- 
tient muſt have three decimal places, .185625 , 165 =1.125. 


POE 
Extraction of Roots, by Logarithms. 


Rule, Divide the logarithm of the power by the index of the 
power, the quotient will be the logarithm of the root ; but if 
the root be given, and the power required, multiply the loga- 
rithm of the root by the index of the power; the product will 
be the logarithm of the power. 

NB. The index of the ſquare is 2, of the cube 3, &c. See Chap. 1. Set. 1. 
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cnar. v. , LOGARITHMS. 


EXAMPLE 1. 
What is the ſquare root of 576? 


Log. Index Log. 


Power 576 2.760422 = 2 = 1.380211, the natural number 
correſponding to which is 24, the root required. 


- 


EX A NM NR u. 
What is the cube root of 13824 ? 


This number, conſiſting of five figures, cannot be found in 
the tables, therefore we muſt make uſe of the method in Ex- 
ample 2. Prop. 2. of this Chap. viz. find the logarithms of 1382, 
and of 1383, their difference will be 314; then 10: 314::4: 
125.6 | 

. Log. Log. 
1383 140822]Dif {1382 140508 } Log. of 13824 is 
13582 1405085314 þ 410633, ee 
314X4=1256=10=125:6 125 J 1.380211, and 


the natural number correſponding to this laſt logarithm is 24, 
which 1s the cube root of 13824. 


VW 


Admit two cylinders of equal length; the diameter of the 
one 32 inches, and its content 4096 cubic inches, the diameter 
of the other 16 inches, required the content in cubic inches? 
Here, as the lengths are equal, the contents will have the 
ſame proportion to one another, as the areas of their baſes, which 
being circles, it will be as the ſquares of their diameters; that is, 


As the ſquare of 32 (whoſe Log. 1. 5051 50 * 2 is =3.010300) 
Is to the contents 4096 (whoſe Logarithm is — 3.612360) 


So is the ſquare of 16 (whoſe Log. 1.204120 x 2 18 = 2.408240) 


ſum 6.020600 


To the required contents 1025 -(whoſe Logarithm is = 3.010300) 
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Admit 93 feet to be the length of the keel of a ſhip of 508 
tons, and a ſhip of 400 tons to be built, exactly ſimilar to the 
other; required, the length of her keel? a 

In order to ſolve this is muſt be obſerved, that the contents of 
ſimilar ſolids have the ſame proportion to one another, that the 
cubes of their ſimilar ſides have, therefore, the following will be 
a general proportion in all caſes where the dimenſions are fi- 
milar, viz. | 

As the tonnage of any ſhip, or the ſolid contents of any body, 
is to the cube of the keel, or any other part; ſo is the tonnage 
of any other ſimilar ſhip, or the contents of any other fimilar 
body, to the cube of her keel, or any other ſimilar part. Hence, 
508 : cube of 93: : 400 : cube of the required keel, the cube root 
of the fourth term muſt be extracted, for the length of the 
keel: Firſt, to cube 93, by the logarithms. 


Log. 
93 1.968483 x 3 = 5.905449 Log. of the cube of 93 
400 its Log. 1s | 2.602060 
ſum of 2d and 3d terms 8.507 500 
508 firſt term, its Log. 2.705864. 


Log. of the cube, divide by 3) 5.801636 
85.88 the required keel 1.933878 
(or 86 nearly) | 


\ 


Here the uſefulneſs of logarithms is very evident, for the cube 
of 93 would conliſt of 6 places, as appears by the characteriſtick ; 


and this again being multiplied by 400, the product would con- 


ſiſt of 9 places; and when this product is divided by 508, the 
quotient will have 6 places; and the cube root of this muſt be 
extracted to four places at leaſt; for 85.88 is the length of the 
keel required, being the neareſt natural number to the Log. 
1.933878. 


What has been already ſaid, we preſume, is ſufficient to re- 
commend the practice of theſe admirable numbers to our readers, 
though they may be extended to the ſolution of moſt queſtions 
which require an arithmetical calculation. But they do not ſtop 
here; ſor they diſcover a method of performing the foregoing o- 


1 pera- 
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perations, even without the help of numbers: This is effected by 


the line of numbers invented by Mr Gunter, which we ſhall 
treat of in the next chapter, and ſhall only here remark, that 
numbers may be added or fubtracted, by a ſcale of equal parts 
and a pair of compaſſes, as in the following examples, where 
we ſhall make uſe of the ſame fcale of equal parts before de- 
ſcribed, as in Plate 2. Fig. 1, 


; 5 + 0 ue 


Let the two given numbers be 36 and 48. 

Rule, Extend from the point A (where the line A B begins) 
to either of the given numbers, ſuppoſe 36; ſet the ſame ex- 
tent forwards from the other given number 48, and it will reach 
to 84, the ſum required in the ſame line AB. | 


Let it be required to find the ſum of 3010 and 4771. As 
theſe numbers cannot be had on the line A B, find them in 
the diagonals, and transfer them to the line A B, in the points 
x, 2; the extent from A to x will reach from z to y. Now, to 
find the value of y, take the diſtance of the point y from figure 
7, in the line A B, and ſet it off from figure 7, in the line CD; 
then a ruler laid from this point to y, in the line A B, will inter- 
ſect the diagonal next before , in the required point, which will 
be found to be 7781. | 

As ſubtraction is only the reverſe of addition, it will be need- 
leſs to give any examples, this being not intended for practice. 

The reaſon of the operation is fo plain, as to require no de- 
monſtration : For if two rulers, one of ten inches, and another of 
-fourteen, be laid ſo as to make one ſtrait edge when joined to 
one another, they will make 24 inches; and if there be fix in- 
ches cut off from a ruler of 24 inches, there will remain only 
18 inches, 


V 


CHAP. 


BY 


CHAP, VI. SECT.” 1. 


Conſtruction of the Line of IV uonthors. 


HIS line may be of any length, but as there muſt be a 

particular ſcale adapted to it, we ſhall fix upon the line 
A B, which being divided into 10,000 equal parts, will anſwer 
our purpoſe, 

The intent of the line of numbers is only to add or ſubtract 
logarithms, ſo that all that is neceſſary to this end is to place the 
logarithms properly upon' the line. 

The logarithm of io, by the table at the end of the book, is 
1.00000, But becauſe our ſcale contains only 10,000, we ſhall 

fix upon that number for the logaritam of 10, and 
1-0000 all thoſe under 10 will be as in the margin. Find 
2-3010 them all amongſt the diagonals, and transfer them to 
 3-4771 the line AB in the points x, 2, t, p, , 5, r, u. 
4-6020 Draw the line G H, parallel and: equal to the line 
 5-99g90 AB, and transfer the points x, 2, f, &c. to this line 
67781 from the line A B. 
7-841 We have now the logarithms of all the numbers 
38-9030 from 1 to 10 upon the line G H; and if to the end 
9-9542 of it be joined another line, of the ſame length, 
10-1000 and graduated and numbered properly, we ſhall 
| have all the numbers from 1 to 100, But as our 
ſcale will not admit of theſe; draw the line EF parallel and e- 
qual to G II; and inſtead of doubling the line G H, take E N, 
(half the line E F) and make it the length of a line of numbers, 
by transferring the logarithms, as was done on the line G II, but 
there mult be a ſcale of equal parts adapted to the line E N, 
which muſt contain 10000 equal parts, if we make uſe of the 
ſame table. of logarithms as before. And by this means the line 
AB would contain 20000 equal parts, which would require dou- 
bie the number of parallels. Inſtead then of making a new ſcale, 
we may make the ſame diagonals anſwer our end: For it is 2 
taking 
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taking half the logarithms. We ſhall therefore accommodate the Pl AE 


logarithms to our ſcale, as in the margin; transfer all theſe from 


the diagonals to the line E N in the points 2, 3, 4, 5, 6, 7, 8, 9, 1 Fig. 1. 


then graduate and number the line N F, the other 
1-0000 half of the line E F, exactly as the line EN. Theſe 
2-1505 laſt will be the logarithms of 20, 30, &c. for the lo- 
.3-2385 garithms of 20, 30, Sc. are the logarithms of 2, 3, 
43010 Sc. added to the logarithm of 10; but E N is the 
25-3495 logarithm of 10; E 2, Ez, the logarithms of 2, 3, 
63890 Cc. therefore, if N 2, N 3, &c. be made equal to 
57-4225 E 2, Ez, Sc. EN 2, EN z, Sc, muſt be the loga- 
8-4815 rithms of 20, 30, Sc. They may be transferred to 
9-4771 the line N F from the diagonals, if to each of the lo- 
10-5000 garithms in the margin we add 5000. So the loga- 
rithm of 20, will be 6505, the half what it is in the 
tables. Now to find the units, or intermediate points betwixt 
10 and 20, 20 and 30, &c. find in the tables, the logarithms of 
II, 12, 13, &c. to 20, and the logarithms of 21, 22, &c. theſe 
mult be divided into two equal parts, to accommodate them to our 
ſcale ; and being found in the diagonals, they may from thence 
be transferred to the line N F. 
We have now the whole line E F divided into 18 unequal 
parts; 1 at E, and the figures 2, 3, &c. denote ſo many units; 
I at N, and the figures 2, 3, &c. to F, denote ſo many tens; 1 
at F 100: The intermediate diviſions betwixt the figures in the 
line N F are units; fo the 6th diviſion betwixt the figures 2 and 
3 a 263 the firſt betwixt figure 1 and 2 is 11, and ſo of all the 
reſt, We 
If the ſpaces betwixt the figures in the line E N be graduated, 
as thoſe in the line N F, they will be tenths of units: And becauſe 
the difference betwixt the logarithms of 1 and 10, the logarithms 
of 10 and 100, and of 100 and 1000 are all equal; 1 at the point 
E may be accounted 10, and 1 at N 100, at F 1000. The figures 
in the line EN will now be tens, and thoſe in the line N F hun- 
dreds. The intermediate diviſions betwixt the figures in the line 
E N will now be units, and thoſe in the line N F will be tens. 
So 3 in the line EN will be 30, and in the line NF 300. The 
diviſions in the line E N betwixt 5 and 6, will be 51, 52, &c. in 
the line NF 510, 520, GS. 
In order to find the points for 101, 102, 121, 122, &c. we 
| M muſt 
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84 Of the Line of Numbers. | Cray, VI. 
Par muſt ſind the logarithms of thoſe numbers, and transfer them from 
II. the diagonals as before directed; which would require the ſpaces 
Fig. 1. betwixt the figures to be divided into 100 equal parts; but the 
length of our ſcale will not admit of this. The diviſions betwixt 
the figures 1 and 2 are ſub-divided into five, by transferring the 
logarithms of 102, 104, 122, 124, Cc. and the diviſions betwixt 
2 and 3 are only ſub-divided into two, by transferring the loga- 
rithms of 205, 215, 235, Sc. The ſpaces betwixt the other fi- 
gures are only divided into ten; ſo the units can only be had by 

taking 1, +, 5, Sc. as near as the judgment can direct. 

The line being thus conſtructed, it will be eaſy to find any 
number upon it : And that this may be done with all poſſible ex- 
pidition, where the ſpaces are divided into ten parts betwixt the 
figures, every fifth is diſtinguiſhed by longer ſtrokes than the 
tens. Again, where the ſpaces can admit of being divided into 
more than ten parts, the ſub-diviſions are diſtinguiſhed by ſhor- 
ter ſtrokes than the tens. Now the value of theſe ſtrokes are de- 
termined by the value of the figures, which being arbitrary,. they 
muſt be determined before we can find any number upon the line, 
If the number be leſs than 100, 1 at E may be unity; then 
1 at N will be ten, 1 at F 100. The ſtrokes repreſenting the tens 
in the line E N, will be tenths of units, and thoſe in the line 
NF will be units. The ſhort ſtrokes betwixt the tens are eſtima- 
ted according to their number, for if there were 9 intermediates, 
each would be 1ooth part of an unit in the line EN, and tenths 
of units in the line NF. If there be only 4 intermediate ſtrokes, 
each will be 20oth parts, or two tenth parts of unity: And if 
there be but one ſtroke, it will be 5ooth, or 5 tenths. | 

If 2 were required, look for that figure in the line EN; if 20, 
it will be at 2 in the line NF; if 32, or 3. 5, count five ſtrokes be- 
yond the figure 3 in the line E N; this, as was before obſerved, 
will always be longer than any of the others: If 400 were re- 2 
quired, 1 at E muſt be accounted ten, 1 at N 100: 80 figure 4 in 
the line NF will be 400; 470 will be 7 ſtrokes beyond figure 4; 1 

- 475 Will be in the middle betwixt the 7th and 8th ſtroke beyond "IJ 
figure 4; if 473, we muſt take little more than - of the ſpace be- 3 
| twixt the 7th and 8th ſtroke, but this cannot be had to a great 
1 niceity. | 4 $6473 1 | 
The line G H is called a ſingle line of numbers, and the line 
E F a double one: This laſt containing double the numbers that 
the 
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Sect. I. Of the Line of Numbers, RT - 
the former does; and it is only two lines of numbers joined to PAE 


3 one another, both graduated and numbered alike. II. 
A It is very plain that the figures 2, 3, Sc. in the line G H Fig. 1, 2. 
7 are double the diſtance from one another, that the ſame figures 
1 are in the line E N or NF; ſo that we may, by inſpection, find 


either the ſquare or root of any number on theſe lines. A few 
examples will illuſtrate this. "0 of 
3 Let it be required to find the ſquare of 6. To do this, is to 
7 multiply it by itſelf, or to double its logarithm. Now this is at 
| the point 6 on the line E N, extend therefore from E to figure 6, 
the ſame extent will reach from 6 to 36 = 6 x 6 : But 4361s double 
the diſtance from E that 6 is; and 6 in the line G H is likewiſe dou- 
ble the diſtance from G that 6 in the line E N is from E: So we 
ſhall have no occaſion for compaſſes; we need only look for the root 
on the line G H, and the ſquare will be on the line E F right a- 
gainſt the root: If the root be leſs than 10, 1 at G and at E may 
be units, but. if it exceed 10, 1 at G muſt be 10, and 1 at E 100: 
If the ſquare be given, and the root required; look for the 
ſquare on the line E F, and the root will be againſt it on the line 
G H. Let the ſquare root of 81 be required. 81 will be found in 
the line NF, and will be double the diſtance from E, that the 
root is from E. We mult therefore find, by compaſſes, half the 
diſtance from E to 81, and whatſoever figure or point is at this 
middle point in the line E F; the figure of the ſame name, or point 
of the fame value in the line G H, will be double that diſtance 
from G, and therefore muſt be againſt 81; and in this caſe ꝙ is 
& | the ſquare root of 81. OY | 
4 As the ſquare of any number is double the diſtance of the root Fig. 2, z. 
1 from E; ſo is the cube of any number triple the diſtance of its 
4 root from the point E. And in order to find the cubes or roots of 
numbers by inſpection; draw the line I K equal, and parallel to 
the lines E F, and G H. Divide it into three equal parts in the 
points L, M. Make each of theſe a line of numbers, either by a- 
= dapting a ſcale of equal parts to. it, or taking one third of the lo- 
2" garithms, and making uſe of the ſame diagonals as before. This 
line is called a triple line of numbers. Now if the cube root of 
any number be required ; look for the cube on this line, and its 
root will be right againft it on the line G H; for the ſame rea- 
ſons, that the ſquare is on the line EF. If the root be given, and 
| 5-H | the 
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the cube required; look for the root on the line G H, and its 
cube will be on the line l K, right againſt the root. 


Note. Becauſe the lines G , E F and I K, are at too great a 
diſtance from one another to find the cubes, ſquares and roots, 
without a pair of compaſſes; there is a double line drawn cloſe 
tothe ſingle line, as in Fig. 2. and a ſingle line drawn cloſe to the 


triple line, as in Fig. 3. ſo that they may _ for a table of cubes 
and ſquares, 


v2 0-0 Wi 


Of the Uſe of the double Line of Numbers. 


T is evident from the conſtruction of the line of numbers, 
that the logarithm of any number may be had by a pair of 
compaſſes : Thus, extend from the beginning of the line to the 
number whoſe logarithm is ſought ; that extent meaſured on the 
ſcale of equal parts, will give the logarithm required, 


r 


Let it be required to find the logarithm of 4. 

Extend from the beginning of the line to 4 ; that extent mea- 
ſured on the ſcale of equal parts will give 6021, which is the lo- 
garithm of 4. The like may be ſaid of any other number; which 
is very plain, being only the reverſe of the method by which the 


line was conſtructed. 


The intent of finding the logarithms of any numbers in this 
manner, is in order to add, or ſubtract them. But if this can be 


done by the line of numbers only, we ſhall have no occaſion for 
the ſcale of equal parts. 


We have already ſhewn how to add any two numbers by the 
ſcale of equal parts; therefore we may add the logarithms of any 


two numbers in the ſame manner; and the ſum will be the loga- 
rithm of their product. 


EXAMPLE 


Let it be required to add the logarithm of 3 to the logarithm” 2988 
of 4. This 
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This cannot be done by the ſcale of equal parts without having 


| a table of logarithms ; but this defect is ſupplied by the line of 


numbers. The logarithm of 3, by the table, is 4771, and the lo- 
garithm of 4 is 6021. Now the points 3 and 4 upon the line of 
numbers, are the ſame diſtance from the beginning of that line, 
that the numbers 4771 and 6021, are from the beginning of the 
ſcale of equal parts: So that it will be the ſame thing to extend 
from the beginning of the line of numbers to 3, that it would be 
to extend from the beginning of the ſcale of equal parts to 4771, 
and when this extent from 1 to 3 is ſet forward from 4, it will 
reach to 12, which point is 10792 equal parts from the begin- 
ning of the line of numbers; and that number being the ſum of 
4771 and 6021 (the logarithms of 3 and 4) it is the logarithm of 
12, as appears by the table. 


Multiplication by the Line of Numbers. 


Rule. Extend from 1 to either of the given numbers, that ex- 
tent will reach from the other given number to the product: A 
few examples will ſuffice to illuſtrate this. : 


WH & EL 8. 


Let it be required to multiply 8 by 6. 
1:6::8; 48. 


The extent from 1 to 6 will reach from 8 to 48. 


/ ow 


Let it be required to multiply 98 by 8. 

Here the diſtance from 1 to 8, when ſet forward from 98, will 
go beyond the end of the line; for, if 1 at the beginning of the 
line be unity, all the figures on the firſt part will be units, and 
thoſe on the ſecond, tens, and 98 will be within two diviſions of 
the end of the line. In this caſe, 1 at the beginning of the line 
muſt be accounted 10, ſo 98 will be found on the firſt part of the 
line; and becauſe the extent from 1 to 8 is the fame as from 10 to 
80; when this is ſet forward from 98, it will reach to 784, the 
product required, | 


8: 
44 4 974% 


— 


— — 
— 


— 


— — — — 
— * = — — 
— 2 —— . AGE EE EEC. 


88 


* — 
£ — 

\ 

\ 


- the Line of Numbers, CRHAP. VI. 


A flider having a line of numbers upon it, exactly the ſame 
with that on the rule, will perform the office of a pair of com- 
paſſes; and being readier for practice, we ſhall ſhew how to 
work by it. 

As in the firſt example, let it be required to multiply 6 by 8. 

Set 1 upon the ſlider, againſt 6 upon the rule, look for 8 upon 
the flider, and againſt it, is 48 upon the rule; and when the ſli- 
der is thus ſet, we have the product of any number multiplied by 
6; for againſt 2 is 12, againſt 6 is 36, againſt 10 1s 60, againſt 
16 is 96; but 17 on the ſlider goes beyond the end of the line up- 
on the rule. In this, and in ſuch like caſes, the value of the fi- 
gures muſt be alter'd, as obſerved before; and 1 at the beginning 
mult be 10, and 17 will be found in the firſt part of the line up- 
on the ſlider, and againſt it you will find 102 2 the rule. If 
the number had been 170, the operation would have been exact- 
ty the ſame; it would be only calling the 1, 100, and adding a cy- 
pher to the product 102, which would make it 1020. 


Diviſion by the Line of Numbers.” 


This is only the reverſe of multiplication, for the extent from 
the diviſor to the beginning of the line, ſet back from the divi- 
dend, will reach to the quotient. Or by the ſlider; ſet the diviſor 
qn the flider againſt x on the rule, and againſt the dividend on the 
ſlider, you will find the quotient on the rule. 


J 
Let 48 be divided by 8. 8 
8: 1: : 48:6. 


Set 8 on the ſlider, againſt x on the rule; and againſt 48 on the 
ider is 6 on the rule; and, without moving the ſlider, we have the 
quotient of any number divided by 8, by inſpection; as the reader 
will eaſily perceive upon examination. 

Hence, to reduce a vulgar fraction into a decimal, add a.cypher 
to each part of the fraction; and if the denominator upon the ſli- 
der is ſet againſt 10 on the rule; then againſt the numerator you 
will find the decimal fraction upon the rule. Thus, the vulgar frac- 
tion 5. Or 7% will be found .75 in decimals, | | 
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The Rule of Three by the Line of Numbers, 


This is only to find a fourth proportional to three given numbers. 

Rule, Place the numbers, or faopoſe them to be placed, as in 
the rule of three direct; then extend from the firſt to the ſecond ; 
that extent ſet the ſame way from the third, will reach to the 
fourth number required. CEE ai hs 

By the flider, ſet the firſt term upon the ſlider againſt the ſe- 
cond term upon the rule; and againſt the third term upon the 
flider you will find the 4th term required upon the rule. 


£4: &i ML :E 


Let the given numbers be 12: 20 : : 27, to which a fourth is 
requized that ſhall bear the ſame proportion to 27, that 20 does 
to 12. 1 5 

Set 12 upon the ſlider againſt 20 on the rule; and againſt 27 
upon the ſlider, you will find 45 upon the rule, which is the 
fourth term required; for 12:20:: 27: 45, the product of the 
extremes (12 X 45 = 540) being equal to the product of the 
means (20 x 27 == 540). 

In order to demonſtrate the reaſon of this rule, it will be pro- 
per to obſerve; that to perform the operation by figures, 20 muſt 
be multiplied by 27, and the product divided by 12. 

By the method already ſhewn for multiplication by the line of 
numbers, the extent from 1 to 20, ſet forward from 27, will reach 
to 540, the product; but then, as this product is to be divided 
by 12, the extent from 12 to 1 muſt be ſet back from this pro- 
duct 540. Now it is very plain, that in effect, we only ſet the 
diſtance between 125 and 20 forward from 27: For as we are o 
bliged after we have ſet forward the diſtance between 1 and 20, 
to ſet back the diſtance between 1 and 12; it is plain, that be- 
twixt this laſt point and 27, there will be exactly the ſame di- 
{tance as there is between 12 and 20d. ay 

It muſt be obſerved, that in extending, if the ſecond term is 
greater than the firſt, the fourth term will be to the right hand 
of the third; but if it be leſs, it will be to the left hand of the third: 
When we uſe the flider, it is indifferent whether the firſt term 

be taken on the ſlider, or on the rule, provided the third term be 
taken on the ſame line as the firſt is. Neither is it material * 
0 


90 
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of the means is taken for the ſecond term; for 12: 20: : 27: 453 
and 12: 27: : 20: 45. | b 
Having now fully explained the conſtruction and uſe of the 
line of numbers, we ſhall give ſome examples in caſes that moſt 
commonly occur to the ſhipwrights. And as the ſlider is moſt 
expeditious, we ſhall always make uſe of it. 


EE. A.M F..%4 I. 


Suppoſe it were required to know how much an artificer would 
gain in 30 days, at the rate of 3 ſhillings per day? 

To reduce this to the rule of three, it will be 1:3:: 30: 90, 
and when the ſlider is fo ſet, that is 1 againſt 3, then will go be 
againſt 30. But as the anſwer to theſe, and ſuch like queſtions, 
is ſometimes required in pounds, this muſt again be divided by 
20; and the operation by the pen would be 3 x 30 = 20 = 4.5. 
Now, here are two numbers to be multiphed by one another, and 


divided by a third, therefore it will be 20:3::30:4.5: And in- 


ſtead of ſetting 1, ſet 20 againſt 3, and againſt 30 you will find 
4, and 5 of the ſmall diviſions, which are tenths ; each of which, 
in this caſe, muſt be reckoned 2s, ſo that, 4 and 5 tenths will be 
41. 105, od. | 


EX AAN TT 


What is the 3 fifths of 45 
As the 3ths of 5 is 3, fay by the rule of three. 


If 5 gives 3; what will 45 give? The anſwer will be 27, for 


5345.27. ? | 

From this example, take the following rule for finding the 
quarters of maſts and yards, having the partners and ſlings given; 
and alſo the fraction, that the quarters muſt be of the partners, or 
ſlings. S | 

Rule. Set the denominator of the fraction againſt the nume- 
rator, and againſt the ſlings; will be the quarter required. 


E XR A MFP L E I. 


If a yard is 2 5 inches at the lings, what will it be at the yard 


arm, the proportion being 3ths of the ſlings ? | 
Set 5 againſt 2, and againſt 25 you will find 10. 5:2::25 10. 
85 E X- 
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I a ſhip of 69 feet by the keel be 23 feet broad; Be- broad 
will a ſhip of 75 feet te, that, i y built i in is tha fame proportion? 

Set 6g againft 23, an 75, you will find ; and the 
flider being th 100 we 27 inſpection, tlie beende of any 


ſhip, if the length of the keel is known, and the fn rtion, the 
fame as above. 


firſt to work for the feet; and then for the inches, © 


r K A F 3 


What will be the brendth of a thip el deoct: 78 fer g 

* the 2 as 3 tu 17 
3 againſt 1, and 75 you wil fnd 263 

flider, agamft 9 (inches) you will find 3, ſo the 

e quis fe chr = 1 


* 270 


EXAMPLE vr 


Suppaſe a ſhip to be of the following dimenſions, uiz. 


Length of the keel — — yg; feet 4 inches. 
Extream ,breadth —— Ming 5 + gg 

© Breadth at the tranſom | 4 
Breadth at the top timber ie — 26 * 


And ſuppoſe ſeveral other ſhips are to * built in the fame pro- 
portion, and the lengths of the keels are given, as follows; the 
other dimenſions will, by the b method, be found to be 
as in the columns, VIZ. ay 


Lengths Extreme | Breadth by Bre. at the 

ce heck. Breaiths. | the.txap.. | top. line. 
| nr e 
F 37 44 21 4x} 392 3 
117 . 2 23 | 22 7 
123 ol 42 ol 24 off 34 © 


7 ; 


What has been ſaid in Exanple g. will ſuffice for finding all 
— E X- 


Gals dimenſions, 


the keel is in feet and inches; it wil be proper 


wid withoor Ki 
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The length of the keel, and extreme breadth, being given; 


- - 


to find the tonnage”) I l d : hy it n J 9 
The general method is to multiply the length of the keel by nn 
. P ' * 9 


the breadth, and that product by the half breadth; then divide by 7 
94 ; and the quotient will be. the tunnage required: Or, which is 7 
the ſame thing, multiply the breadth by the f breadth; then ty 6 
as 94 : is to this product :: ſo is the length of the keel: to the NF 
tunnage. | | w— 
Let the length of the keel be 93 feet 4 inches, and the breadth Eo 
4 4 ee e RIG 

: The operation by the pen will be 93 feet 4 inches & 32 2 
2986.8 x 16 = 47786.8 9 . 58 


The firſt ſtep by the ſlider will be, ſet 1 againſt 93-4 {or £ 
93 feet + = 93.33), and againſt 32 will be 2986.8. Now as this - 
product is to be a by 16, and. divided by 94, it will be - 
94: 2986.8: : 16: 508 35; therefore, if you move the ſlider till 
94 is againſt 2986.8, the tunnage 508 nearly, will be againſt 16. 
In finding the firſt product, there is no occaſion for eſtimating 
the number, only let it be marked, ſo that 94 may be moved to 
it; we ſhall ſhew in another place how this may be done at once 
by the ſlider. g ith RI A Fs OLE 2 
By a careful attention to the manner of ſolving theſe queſtions, 
it will be eaſy to apply the ſlider to any other queſtion in the rule 
of three, whether direct or inverſe; or any thing elſe that is per- 
formed by multiplication or diviſio nn. 
We ſhall only add a few examples in meaſuring plank and tim 
bee,” 491 l Ort: ; I SN noaih wig 


Dine 23 Vo HEY | 


> #5) ” , * 
4 i 


* 


O meaſuring Pin. 
ME ua bo Cha . 4. Sec. 3. that all plank is conſidered 


as an oblong ſquare, and meaſured: as a-plain ſurface, without a- 
ny regard to the thickneſs ; and that all the varieties thereof may 
be reduced to the rule of three by the following proportions. 

| . n 14 ( ; 


| : 4 
1 „ 1: length in feet : : breadth in feet: 


vp 


iſ 12 length in feet”: : breadth in inches : Farea in feet, * 
[| | iS 144 : length in inches : : breadth in inches: 19.4244 


| 3 71 E X- 


* 


1 


Mts, the W will be the content in =; 


SecT: — Q e. ine Number 


M IC I 
1 X AM 4 l ee 
12 9 Dil! 


Tat there be 5 planks of the following « dimenſions... 


145 - 
Fi. 


L. B. iS: Ares. L. 755 Are. os 6 4 EP 2 { 
£ nts . * 2 r . in. Þ is 
20 RF or #- 95 53 be 11 10718 5 FM Aa „ 

= O45; 55 * or 12: 405: 203 489 b& * 
36 wp 1 bs, 95 a © 22:36:13? Br or fi 422” Nat gs 
30 15 1-25 :,37.53 or12: 30: :#5:3745 or 144: 360+: Ft 77 


3.5 t 20 Fs or 12: 15 ere nl, 180':: 18222 


Here every exam ple is done 4: s Which | method 
may be very uſeful tor proving t Nee, 55 Which dur tea- 
ders may furniſh. themſelves for practice with as. many as. they 
pleaſe, the above containing 15 different veſtions i in the rule of 


three, which we preſume ſufficient fot our purpoſe : : Theit ſoluti- 


5 18. 


ons will be found as before directed: For if 1 a t. the. beginning of 


the ſlider be accounted 1 tenth, 1 in the kdl 5 be uhity. Tf 
then this 1, in the middle of the duke 5 180 againſt 20, on the 
rule; then will i'5 on the rule be agai e ſlider: Or, it 
12 be ſet againſt 20; then 15 wil bo Be n And if 144 be 
ſet againſt 240% 15 will likewiſe I 51 9. "'The 7 50 7 be 


fald of all the reſt. * 7 90512 eiu; 147 110 : DU. So 101 . 
h 90% Wh DUH The 53,03, GNM en 211 . 13931; 41 3112 
* 17 irt "5 8 15 b 7 | EZ 
| 8 e et mee, end 
tt ? h 


| We. hs Pa ie how: this may be doud by the pen, VIS. 
by finding the ſuperficial content, as if it was xls iT his mul- 
tiplied or the thickneſs in inches, andi tlie Pala divided by 12, 
the quotient will be the eontent in ae that bete there will be. 
two perlen The rann, art, til 


Tf. 12: length! in feet: : breadth in inches: area in "I 

2d. 12: area in feet : tlückneſs | in inches: contents in fret. 
Or, 1: breadth in inches - 2 thickneſs in inches 2 fourth number. 
And 144: fourth number: length i in feet: contents in feet. 


That is, multiply the breadth by thethicknek, if both be inches, 
and this product by the length in et; divide the laſt proguck by 


** „ 
- . 
i — — 5 * 4 Aa 


- 1 . 11 * *s * 5 20 * K 4 n 1 wa 
* 9 : 1 « þ [1 * 1 . K o . 
, J > af. 4 i - 11 17 % 34 3 * 72 1 1 s s ws ; þ A 
| - * » 4 * 
# * P * T * . E * 
bi ; * ; * 1 ( . . ” 11 * 2 * ' ©@9TaL 7 £ 7 
* % 0 P , . 
LK | - & % 4 4 "DO % * * 
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3 1 


Required the content of a piece of timber | 20 feet long, 18 


inches broad, and 15 inches thick. 18S: 
gs 12: . Dr, 43 182: 131 270 a 
wy ' Hep" 122 25:2 18: 374 414427 20: 37 


Here we muſt draw out the Aitter twice ; firſt 12 againſt 28, 
then 25 will be againſt 15; ſecondly 12 againſt 25, and 37 2 will 
be again 20, or 1 againſt 18; 270 will be againſt 15, and if 

144 be ſet againſt 279, 37 ' will be againſt .20 as before. There 
will be no occaſion to eſtimate the value of che fanrth! pr örtiohal 
to the three firſt iNN it will be ſufficient to mark it fo as that 
the {lider may be moved fill 12 or 144 be. againſt this point : : But 


as this will be attended with ſome inconveniency, it will be beſt 
to make uſe of the 1overted line, N eee e it at once with- 


: , " 
* * - G- +.# 


out ors the Nider-twice. 


| Deferiptin end UF if 101 nr leh db 1 2 hat 


ef}; 4 (1 


The flider is fitted betwint two double lines of; number, "of 
which the lower one is inverted, in ſuch a manner, that Z Upon 


Fc. upon 


it, is exactly againſt 12 upon the upper line; ſo a9, 30, 
the inverted line, are as much to the left hand of the point 12, 
as 20, 30, Cc. are to the right hand of the point 12 3 the 
upper line. In reading the webe! fine, we begin at the right; 
and becauſe the diſtance betwixt 1 and 2:2 i mort than that be- 
twixt 12 and 100, the inverted line :bogins at Wee 42 õ,j˖ld 
extend beyond the end of the culert. 

Novy the ſlider having two double bnes of nder graduated 
exactly as the upper line, it will follow that whatever way the 
ſlider be moved, the point 12 upon the upper line on the rule, 
and the point 12 upon the. lower Jine on th . wal be both 
againſt ite ſame number, 70 —— 


* 


To meaſure 75 ker by this Line, oben the Breadth is not the ſame 


wy the Thickneſs, aud both given In r Inches, and the - 1 in 
bet. 


Rule. Firſt find any of the three given numbers upon the in- 
verted line; then as this number ypon the inverted line: is to ei- 
ther of the two 1 numbers upon the flider : : fo is the third 

given 
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given number upon the upper line: to the content in feet upon 
the ſlider ; obſerving | that the upper line upon the. ſlider, com- 
pares with the upper dine upon 
the flider with the inverted line. 
As in the foregoing example; ſuppoſe a piece of timber 20 feet 


2 


long, 18 inches broad, and u 5 inches thick; ſet 15 on the inverted 


line, againſt 18 on the ſlider, and againſt 20 on the upper line, 
you'll find 37 + upon theflader ; the content the ſame as by the 
to operations? 5}. 52 gets ͤ gin RES art Hi 
The reaſon of this will appear very plain, only by conſidering 
in what manner ät is | ; 
uſe of the ſame flider, and the upper 


line wath' which it com- 


pares: For firſt, to find the fourth proportional to 12: .: 218, 
we draw the:flider eut till 15 upon it is againſt 12 upon the ap- 
per line; and: hen in this poſition, 22 upon the fflider will be a- 


gainſt 15 upon the inverted line. Now the fourth number will 
be on ithe ſlider againſt 18 upon the upper dine, which will be 
22.5: A becauſe 18 on the upper dine, is the ſame diftance 


from 12 upon the ſame line, that 18 is from 12 upon the flidery 


or which is the ſame thing, that 18 upon the ſlider is from 1 
upon the inverted line ; When we draw the ſlider to the le 


left, and ther 0 
is the very th 


* 
* * 


in a load: to the ſuperficial. feet. 

FP 

How many ſuperficial feet of 2, 3, 4, inches plank will make 
l 2: 12 :: 60: 300 

3:12 :: 50: 200 

4 12:30 10 


rule, fand the lower line upon 


med by two. operations, and making 


SECT. 


75 


o the Line of Number. 
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O the ſingle Line commonly called the girt Line. 


Vr was obſerved before*in the conſtruction of this line, that 
the figures upon it are double the diſtance from one another, 
that the ſame figures are upon the double, and triple the diſtance 
that they are upon the triple line: Alſo that the cube and Jo 
roots were had by inſpection. We ſhall now ſhew the uſe of it in 
meaſuring timber: And firſt, has : t 10% „ % 
Caſe 1. When the timber is ſquare, that is, when the breadth 
and thickneſs are both alike, and given in inches, and the length 
in feet; to find the content in feet. 1 14 Jiri! 
Rule. Set 12 upon the girt againſt the length on the double line; 


and the content will be on the double line, againſt the 
on the girt. Þ: e ent 227 oe 
E X AMP L E. | 
Required the content of a piece of timber 8 inches thick, and 
9 feet long. Set 12 upon the girt, againft g upon the double line; 
and againſt 8 upon the girt will be 4 upon the double line ; the re- 
quired content in feet. The reaſon of this will appear very plain. If 
we work it by the double line, the proportion will be 144: (8x8) 
64::9:4; ſo the extent from 144 to 64 will reach from ꝗ to 4; 
and if we move the: ſlider till 144 upon it, be againſt ꝙ upon tlie 
double line, then will 4 be againſt 64. Now, if inſtead of 144 
and 64 upon the double line on the ſlider, we take 12 and 8, the 
roots of theſe numbers upon the girt line ; they being the ſame 
diſtance from one another, they will perform the fame office; and 
becauſe 144 is always the firſt term, and the ſquare of the thick 
neſs the ſecond term, the rule will be general... | 
This might likewiſe be performed by the double line without 
moving the {lider twice: The propertions will be i2:8::9: 6. 
Now when 12 is ſet againſt 8, then will 6 be the fourth propor- 
tional to the three firſt numbers; and in the next three numbers, 
the firſt and ſecond terms being the ſame as before, there will be: 
no occaſion. to move the ſlider; only look for. 6, the fourth num- 


ber 


<4 
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ber before found. upon the ſame line with the 12, and againſt it 


& 


Caſe 2. When the breadth and thickneſs are unequal, to find 


the contents by the girt line. | 
Firſt find a mean proportional between the breadth and thick- 


you'll find 4, the content, upon the ſame line with the 8. 


neſs, in inches; then ſet 12 upon the girt, againſt the length in 
feet upon the double line and -againſt the mean upon the girt; 


will be the contents in feet upon the double line. 
B X A M NOE K. N e 

Required the contents of a piece of timber 20 feet long, 18 
inches broad, and 15 inches thick. Before this can be done we 
muſt find the, mean. thus 1 %%% „ 

Look for either of the given numbers, ſuppoſe 18, upon the 
double line, and move the ſlider till this T is oppoſite to 18, 
the ſame number, upon the girt line; then look for 1.5; the other 
given number, upon the double line, and againſt it you'll find the 
mean required upon the girt line, Which will be a little more, than 
16.43; and when 12 upon the girt is ſet againſt 20 on the double 
line; againſt the mean on the girt is 37 +, the content on the 
double line CE | 1 

But it js plain that this method requires two operations; one to 
find the mean, and the other to ſet 12 to the length; ſo that it 
will be better to uſe the inverted line, as before directed. 1 
Jo demonſtrate the reaſon of this method of finding the mean, 
it muſt be obſerved, that to do it by the pen, the two] num- 
bers muſt firſt be multiplied into one another, and then the ſquare 
root of the product will be the mean required. Let the two num- 
bers be 3 and. 27; their product is 81, the ſquare root of which 
is 9, the mean required; for 3 x 27 gl. NK 9; - 

Now to do this by the line of numbers, we muſt firſt extend 
from 1 to 3; that from 27 will reach to 81: And to find the 
ſquare root of 81, we mult find the middle point betwixt 81 and 
the beginning of the line; but this will be exactly in the middle 
betwixt 3 and 27; for let the extent from 1 to 3 upon the line 
of numbers, be preſented by the linca's; and let c be the point 
27; the extent 2 3 ſet forward from c, will reach to the product 
81 at d. Now to find x, the middle of the line 4 d, divide 6 c in- 
to two equal parts, | which will give the point required: one 

; Seo IE SUD $3 YO neger 07 74 1 LU TH T3 Hs _ & : 
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a b, and e d, being equal by conſtruction, they will be equally di- 
ſtant from the point #, the middle of the line. ror 


a b „ en 4 
1—— —¼.4 1—— ron | 
Li tin , > x 4m 81 


The figures on the girt line, as was obſerved before, are dows 
ble the diſtance from one another, that the fame figures are upon 
the double: Therefore when 27 on the double line, is ſet a- 
gainſt 27 on the gift, 3 on the donble line, which then will 
be againſt 9 on the girt, muſt be the middle point betwixt 3 
and 27 upon the gitt, which may be proved by a pair of 

— compaſſes; though theſe two numbers 3 and 27, are not to be 
found upon the girt line, which begins on: moſt of the ſliding 
rules at 4, and ends at 40: Now it is very plain, des if the 
line was produced to the left, of a ſufficient length to begin with 
1, that point would be as far to the left of 4, as 10 is to the left 
of 40; and 2 and 3 would likewife be as far to the left of 4, as 
20 and 30 are to the left of 40; and if the extent from 40 to 30 
be added to that betwixt g and 4, theſe two will be found equal 
to the extent betwixt 27 and g. | = 

The reaſon I preſume, for calling the ſingle line the girt line, 
is, becaufe when the quarter of the circumference is taken for the 
fide * ſquare, the tree is girted with a line, and the breadth 
and thickneſs being ſuppoſed equal, the content will be readily 
found by this line; and the reaſon for beginning at 4 will appear 
by the following examples. 2 + 

| EX AMPLE 8. | 

Let there be 3 pieces of timbet of 30 feet each, their breadth 
and thickneſs equal as below. | | 


Long. Thick. Contents. 
30 8 13.3 
3: 9 225 
30 23 1003 
I the girt line begins at 1, when 12 upon it is ſet againſt 30 
upon the double line, then g and g will be beyond the end of - 
double line; ſo the content cannot be had, unleſs we obſerve 
what point of the girt line is againſt 1 at the end of the double 
line, and then bring 1 at the beginning of the double line * 
e 
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the ſame point; whereas by beginning at 4, we can have the content for 
any thickneſs from 4 to 40. e Rs, 
But this line may be adapted to ſeveral other uſes : We ſball only men- 
tion the three following, viz. - bs | 
1/2. The length and breadth of a ſhip being given; to find the tonnage. 
It was obſerved in Exam. 7. Sect. 2. that the method of doing this re- 
- quired two operations, 7/2, Firſt to multiply half the breadth by the 
breadth; then, as 94 is to this product; ſo is the length of the keel 
to the tonnage. Now it we double the firſt and ſecond terms, their 
products will be proportional to the third and fourth terms as before; 


the double of the ſecond term is equal to the ſquare of the breadth, _. 


and 188 is the double of 94; therefore 188 is to the ſquare of the 
breadth ; as the length of the keel, is to the tonnage. So that if 188 up- 


on the double line of numbers on the ſlider, be ſet againſt the length of 


the keel upon the double line on the rule; then will the tonnage be upon 
the rule, againſt the ſquare of the breadth upon the ſlider. But if, inſtead 
of the firſt and ſecond terms upon the double line, we take their roots 
upon the girt line, becauſe they are the ſame diſtance from one another ; 
the tonnage may be found without moving the ſlider twice, as in the fol- 
lowing example, where we ſhall take the ſame dimenſions as before. 


| 0 NI 0 FF: 5 © S 
Length of the keel 93 feet 4 inches, breadth 32 feet; required the ton- 


nage. | 

| Rule, Set the tonnage point upon the girt againſt 93 feet 4 inches, up- 
on the double line; then againſt 32, the breadth upon the girt, is 508 
upon the double line; the required tonnage. 

Note. The tonnage point upon the girt may be found by ſetting 10 upon 
the girt, againſt 10 upon the double line; then againſt 188 upon the 
double line, make a mark upon the girt, which will be the tonnage point. 
Hence, if the length and tonnage be given, and the breadth required ; ſet 
the tonnage point againſt the length upon the double line; then the breadth 
will be on the girt, againſt the tonnage on the double line. But if the 
tonnage and breadth are given, and the length required; ſet the tonnage 
upon the double line, againſt the breadth on the girt ; then will the length 
be on the double line, againſt the tonnage point upon the girt line. As if 
it were required to find the breadth of a ſhip of zoo tons, the length of 
the keel being 78 feet: When the tonnage point is ſet againſt 78, then will 
27, the required breadth upon the girt, be againſt 300 upon the double 
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line : Or ſuppoſe the breadth 26 feet, and tonnage 280 ; required the length 
of the keel, Set 280 upon the double, againſt 26 on the girt line; then a- 
gainſt the tonnage point is 78 on the double line, the required length of 
the keel. So in this caſe, one foot in breadth will increaſe the tonnage 20 
feet, which may be ſeen without moving the ſlider, = 

2d. To find the content of a tree by the girt line, the diameter and 
length being given, and ſuppoſing it to be hewed ſo as that the two wanes 
{hall be equal to one ſquare, | 

We obſerved before, that if by the wanes be underſtood; what the flat 
wants to compleat the fide of the ſquare, the proportion would be, as 180, 
is to the ſquare of the diameter in inches; fo is the length in feet, to the 
contents in feet. Inſtead of the two firſt terms upon the double line, take 
their ſquare roots upon the girt: The root of 180 will be found nearly 
13.4, but there is no occaſion to eſtimate the value, but only to find the 
point, which will be done by ſetting 10 on the girt againſt 10 on the 
double line, and the point will be upon the girt line againſt 180 upon 
double line. 


e 


Suppoſe a tree 20 feet long, and 30 inches diameter: Required what the 
content will be when hewed, ſo as that the flat ſhall be equal to half the 
thickneſs ? 

Set the point upon the girt, found as now directed, againſt 20 on the 
double line; and againſt 30 on the girt, is 100 upon the double line; the 
required content in feet. | 

But if by the wanes, be underſtood the round parts of the tree where 
there is no wood taken off; the proportion, as was before obſerved, will 
be, as 193 nearly, is to the ſquare of the diameter; ſo is the length to the 
content. In this caſe we muſt make uſe of the ſquare root of 193 for 
which purpoſe we may find a point upon the girt, in the ſame manner 
as the point for the root of 180 was found. Now if the point for 193 
be ſet againſt 20; then againſt 30 upon the girt, will be 93 on the dou- 
ble line; which is 7 per Cent. leſs than the former: A cylinder of ſuch di- 

nenſions would meaſure only 98.17; ſo that by hewing the tree till the 
ſquares are half the thickneſs, it will meaſure near 2 per Cent. more than 
the full contents of the tree, if there had been no wood taken off. 

za. There are two points generally marked on this line; one WG, 
the other A G, for wine nd ale gallons, their uſe is in gauging ; for a 
wine gallon containing 231 cubic inches, and a circle whole area is 231, 
having for its diameter 17.14 inches: It is plain a cylinder of that dia- 

meter 
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meter will contain as many wine gallons as it is inches in height; there- 


fore if the length and mean diameter of any caſk be given, the wine gal- 


lons that it will contain, may be found by the following proportion. 
As the ſquare of 17.14. is to the ſquare of the mean diameter; ſo is the 
length, to the content in wine gallons. | 


Hence if the gauge point W G upon the girt line, (which is the ſquare 


root of the firſt term) be ſet againſt the length on the double line ; then 


the contents in wine gallons will be found on the double line, againſt the 
diameter of a cylinder, or the mean diameter of any caſk upon the girt 


line; but if ale gallons be required, we muſt make uſe of the point A G, 


which ſhould be exactly at 18.94, the diameter in inches of a circle, 
whoſe area 1s 282, the cubic inches in an ale gallon, 


3 IV. 
Of the triple Line of Numbers. 


T was ſhewn in the conſtruction of this line how to find the cubes, 
and their roots by inſpection. We ſhall now ſhew how to find the di- 
menſions of ſimilar ſolids of different contents, as for inſtance : Suppoſe a 
ſhip of 508 tons to be 93 feet 4 inches by the keel, and 32 feet broad, 


and it be required to find the length of the keel; and extreme breadth of 
a ſhip of 400 tons. | 


This was performed by the logarithms in Chap. 5. Ex. 4. where it was 
obſerved that the proportion is, as the tonnage of one ſhip, or the content 
of any ſolid, is to the cube of the keel, or of any other part; ſo is the 
tonnage, or the content of any other ſimilar ſolid, to the cube of the re- 
quired keel, or any other ſimilar part: Hence 508: 4oo : : cube of 93.4 
to the cube of the required keel; and the extent from 508 to 400 upon 


any line of numbers, will reach from the cube of 93.4 to the cube of 


86, the length of the required keel. But there will be no need of finding 


the cube, (which js the fourth proportional to the three given numbers) if 


the root can be found: Now the cubes of any two numbers are three 
times the diſtance from one another that theiroots are upon the ſame line ; 


and becauſe the two tonnages are the firſt and ſecond terms, they will be 


the ſame diſtance from one another that the cubes of the keels are, which 
are the third and fourth terms, and therefore their roots will be'one third 
of the diſtance from one another that the tonnages are; which in this 
caſe are 508 and 400, Let the diſtance then betwixt theſe two numbers 


O2 | be 


— 
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be divided into three equal parts, one of which being ſet back from 93.4, 
will reach to 86, the length of the keel required. 

Now, as the roots are the ſame diſtance from one another upon the ſin- 
gle line, that the cubes are upon the triple line; the keels will be the Y 
fame diſtance from one another upon the ſingle line, that the tonnages 7 
are upon the triple line. Therefore the following method may de uſed vm 
where there is a cube line adapted to the ſingle line. 1 

Rule. Set 94 feet 4 inches, or 93. 33, the length of the given keel, up- 1 
on the ſingle line, againſt 508, the tonnage upon the triple line; then a- 
gainſt 400 upon the triple line, is 86 upon the ſingle line, which is the 
length of the keel required. And when the ſlider is thus ſet, we have, 
by inſpection, the lengths of the keels of all ſhips that are ſimilar to this, 2 
be the tonnage what it will : For if the tons are found on the triple line, the we 
lengths of their correſponding keels will be againſt them on the ſingle line. 9 

The like method may be uſed in finding the other dimenſions, as in the- 
followings table, where the dimenſions of a ſhip of 508 tons are ſuppoſed to 
be as in the columns in the upper line, and are pretty near to thoſe of a 
ſhip of 20 guns; the other tonnages are nearly thoſe of 40, 50, &c. guns. 
We have in each column fet down the real dimenſions in feet and inches, _ 
below thoſe found by the rule, which are in decimals, that our readers 2 
may ſee that ſome dimenſions are pretty near ſimilar in all ſhips, and o- 1 

thers arbitrary, | 1 


g Length 2 


Guns | Tons Keels | Extreme- 1 N Fran- | Tranſ. Length of gun 
i | i Breadth. | Breadth | Breacth | Heigh, | in Hold. Deck, : 
20 | os real | 93: 4 | 32: o|-13: 8 | 18:4 | 16:4 [11: 0 | 113: 0+ EE 
25 Arey rule | 109, © | 37, 5 16, 0 [21,6 19,312, 9 | 132, o 
40 + real | 108:10 [: 6 | 16: 6 | 22:8 | 22:0 | 16: o | 133, 0 
* ruic 118, 5 40,7317, 523,621,214, 16 144, ©: 
50 5*)real i117: 8241: © | 18: © | 25:0 | 24:1 | 17, 8 #144: 0” 4 
. rule | 123,. 5 | 41449 | 18, 2 244 | 22,0 | 14.65. 150: 0 5 
60 19 real | 123: O | 42: 8 | 19, 4 | 26:0 | 25:2 | 18: 6.130: 0 x 
5 rule | 131, 4 45, 9, 225% | 232 | 155-4 185 0 
70 + real 131: 4 | 45, 0 20: 4 AF AT 26:3 LH: 4 | 160: O Wh 
| _ rule | 136, 0. | 40,75 19-85 6, | 2492 þ 15-9 | 165 0. | p 
80 real [13:10 [ 47: © | 21: © | 39:5 | 27:0 [.20: © | 164 o Ba 1 
8 {rule | 140, 3 | 48, 4 | 20, © 276 24,8 |,16; 6 170, 0 
1730 „ . e 
© real | 138: 4 | 48: 6 | 21: 9 |.31:5 | 27:9 Leo 6 | 170, © 
þ vote 147, © 50, 5 | 2:1, 6 29,0 | 26,1 1215 4 | 178, o 
20004. 1 X _ 
100 real | 144; 6+ | 51: o | 22: 9. 33:0 29:0 ,21: 5. 178: Q 


It 
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It muſt be obſerved, that as every figure is three times placed upon the 
triple line, it will be indifferent in what part of the line the tonnages are 
taken. The only thing to be regarded is, that the ſlider muſt be fo placed, 
that all the tonnages whoſe dimenſions are required, be againſt ſome part 
of the ſingle line. 

Now, if the firſt 5 on the triple line be accounted 5; when 93.4 is 
ſet to 508; 40 on the ſingle line, which is now 400, will be againſt 40000. 
on the triple line; and 64, which is at the beginning of the triple line, 
will be againſt 46.6 on the ſingle. So that in this poſition, the numbers 
upon the triple line betwixt 64 and 40, will not be againſt any part of the 
ſingle line; for there will be no numbers leſs than 64 upon the triple line, 
without altering the value of the figures; but 4 at the beginning of the 
ſingle line, will always be the ſame diſtance from 64, the beginning of the 
triple line, that 40 at the end of the ſingle line, is from 64000 at the end: 
of the triple line. As the flider is now ſet, 4 at the beginning of the ſingle. 
line is accounted 40; and becauſe the diftance betwixt 64000 and 40000, 
is the ſame with that betwixt 64 and 4o ; the value of the figures may 
be alter'd, and 64000 at the end of the triple line may be called 64, and 
40000 will be 40. But we muſt likewiſe alter the value of the figures on 
the ſingle line ; and 4 at the beginning of the line muſt be four units, and 
40 on the triple, will be againſt 40 on the ſingle line; 20 on the triple. 
againſt 31.7 upon the ſingle, &c. as in the columns: To find the figures: 
betwixt 64 and 40, let the ſecond 5, upon the triple line be 5oo, and 
the ſlider ſet as before directed; then. will 40 on the triple be againſt 4, 
which is at the beginning of the ſingle line, but is now accounted 40 a- 
gainſt 50 on the triple, is 43 on the ſingle; againſt 60 on the triple, is. 
45-75 on the fingle, &c. | 

In tie fame manner the extreme breadths to any aſſigned tonnage may, 
be found, ſuppoſing: 32 feet to be the extreme breadth of a ſhip of 508 
tons: Let the third 5 on the triple line be 500, and when 32 on the ſin- 
gle is againſt 508 upon the triple, then. we. have all the numbers below: 
640 upon the triple line; and 1 upon the triple will be againſt 4 on the 
fngle, But if the ſecond 5 be 500, and the flider properly ſet, ꝗgo on 
the triple line, will be againſt 40 on the ſingle; and as in this poſition. 
we cannot find the dimenſions correſponding to 1000, and the numbers 
above it; we mult in theſe, and'ſuch like caſes,;, obſerve what point of 
the triple line is againſt 40 at the end of the ſingle line; and draw out the 
flider till 4 at the beginning of the ſingle be againſt the ſame point; which. 
in this examole ĩs 99: And as the value of the figures upon the triple line 
are not altered, 4 upon the ſingle line muſt be accounted 40; and ny 

| againit. 


* 


104. Of the Line of Numbers. Caar. VI. 


2painſt 1000 is 40, 1, againſt 2000 is 50,5, &c. the breadths correſpond- 
inz to thoſe tunnages. Again, let 5 be ſome given dimenſion of a ſhip of 
508 ton; if the ſlider is properly ſet, 260 on the triple, is againſt 4, the 
beginning of the fingle line; and when 40 at the end of the ſingle line 
is accounted 4, and brought againſt 260 on the triple; then againſt 100 
on the triple, is 2,91 on the ſingle, againſt 10 on the triple, is 1,35, a- 
gainſt 1 on the triple, is 6,25 on the ſingle. All the other dimenſions in 
the columns are found by the ſame method, viz. by ſetting the given 
dimenſion to its proper tonnage ; and to prove the work, after the length 
of the keels are found, we may ule the double lines of numbers as before 
directed in Ex. 6. Sed, 2. of this Chap. Here the keel of a ſhip of 400 tons 
is found to be 86 ; when this is ſet againſt 93.4, the keel of 508 tons, againſt 
32, the breadth of 508, is 29.6, the breadth of a ſhip of 400 tons: And 
as all the dimenſions in the columns for a ſhip of 508 are known, look for 
them on the ſame line that her keel is taken, and againſt them will be found 


the correſponding dimenſions for a ſhip of 400 tons. 


The Tonnage of a Ship being given 15 find the Length of the keel, and ex- 
treme Breadth, 


fore this can be done, the proportion that the length of the keel 
bears to the extreme breadth muft be determined; which ſuppoſe as 3 
to 1, and then fix times the half breadth will be the required length of 
the keel, Now, becauſe in finding the tonnage, when the length and 
breadth are given, we are directed to multiply the length by the breadth, 
and that product by the half breadth, and then divide this laſt product 
by 94, and the quotient will be the tonnage ; it is certain, if the ton- 
nage be multiplied by 94, the product will be the ſame as if the length, 
breadth, and half breadth, were multiplied into one another; and if any 
of theſe three be given, the others are found by the given proportion 
they bear to one another, We ſhall therefore work for the half breadth, 
which may be found by the following rule, v:z. t 
Firſt multiply the given tonnage by 94; then divide that product by 
12, and laſtly extract the ſquare root of the quotient; and that root will 
be the half breadth required, 


r 


Let the given tonnage be 127 2; then 127 r X 94 = 12000, and 
12000 — 12 = 1000, the cube root of which is 10, the half breadth); 
ſo 20 will be the extreme breadth, and 60 the length. 

2 | 1 The 


- - 
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The reaſon of dividing the product by 12, is becauſe 12 times the cube 
of the half braadth, is always equal to the product of the heighth of the 
keel, breadth, and half breadth multiplied into one another, when the length 
is three times the breadth, as will appear by the following R 

The half breadth 10. 

The breadth will be 10 * 2 = 20. 

The length of the keel will be 10 x 2.x 3 = 60. 

Now, as in multiplication, when ſeveral numbers are to be multiplied 
into one another, it is indifferent in what order the operations are per- 
formed; ſo it is evident that 10X 10 X IO R 2X2 * 3 10 Xx 20 X bo = 
12000, but Io x 10 X 10, is the cube of the half breadth, and 2 x 2 x 3 
is 12; therefore 12 times the cube of the halt breadth will be equal to 
the product of the length, breadth, and half breadth, multiplied into one 
another. 

By the ſliding rule, ſet 12 upon the double line on the ider, againſt 94 
upon the double line; on the rule look for the tonnage 127 5+, or 127, 60 
upon the ſlider, againſt which is 1000. Then to find the cube root of this, 
ſet the ſlider ſo that 64 upon the triple, is againſt 4 on the ſingle; then a- 
gainſt 1000 on the triple, is 10 on the ſingle; the half breadth. 

But as the length does not bear any conſtant proportion to the breadth; 
after finding the dimenſions by this rule, the breadth may be altered, and 
the length of the keel can be had by the tonnage point. There is no in- 
variable rule to determine the breadth, but in ſhips under 500 tons, this 
method will always bring it to leſs than a foot, and therefore may be ve- 
ry uſeful in determining proper dimenſions for a ſhip of any number of 


tons, 
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Of the Conſtruction and Uſe of ſeveral Lines on the Ship- 
By wright's Rule. 


Of SECTOR LINES. 


HE inſtrument called a ſector, is only a rule with a good joint, 
containing ſeveral different lines, each divided into ſome given pro- 
portion; as fines, chords, equal parts, &c. Every line upon one leg has 
a correſponding one upon the other leg, both exactly of the ſame length, 
and divided in the ſame manner; and all the lines on both legs meet at 
the center of the joint. | 
It is very uſeful in all the practical parts of the mathematicks, eſpeci- 
ally in dividing a line into any number of equal parts, or into any given 
proportion. As for inſtance, if it was required to divide a line, as A B, 
into any number of equal parts, ſuppoſe 9, (See Plate 3. Fig. 1, F.) it is 


only opening the rule till the diſtance betwixt g and q, in the line of equal 


parts, be equal to the line to be divided; and then the extent from 1 to 
I, from 2 to 2, Sc. in the ſame lines will be one ninth, two ninths, 
Sc. parts of the line AB; for by opening the rule, the point , and every 


other point in the lines E, P, in effect, deſcribe arches of circles; and if 


chords be drawn to theſe arches, they will form ſo many iſoſceles trian- 
cles, whoſe baſes will be parallels to one another: Therefore C g is to 
99, as C is to 11, but C 1 is the ninth part of the line C; therefore 
I 1 is the ninth part of the line 99. 

In like manner, if it were required to make the line DF a line of num- 
bers, when the rule is opened till the diftance betwixt the extremities of 
the lines of numbers be equal to the line D F; then if the ſeveral di- 
ſtances from 1 to 1, from 2 to 2, &c. be ſet off from D towards F, the 
line D F will be a line of numbers. 

Another method of dividing a line, as B D (See Plate 3. Fig. 4.) in 
the ſame proportion as the line A B is this. At the point B, the end of 
the divided line, make an angle, and ſet off the line to be divided from B 
to D; then draw the line A C parallel to AB, making D 3 equal A 3, 

| | 3 
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D ⁊ equal to A 2; Di equal to A 1: Draw the lines AD, 33, 22, 11: Then 

the triangles Bia, B 2 b, BI c, BAD, being ſimilar, BA: BD: : B: 
B:: B2: BGH:: BI: Ba. 

But before any of theſe methods can be uſed, the lines on the rule 
muſt be divided by ſome proportion given in numbers, or from the equal 
diviſions of the arch of a circle. | 

The ſector lines on the ſhipwrights rules, are for making maſts and 
yards, of which there are four on each leg, divided into the ſame pro- 
portion, that the diameters at the ſeveral quarters bear to that at the 
ings ; which being given in numbers, and exprefled by the fraction, 
each quarter is of the flings, they may be conſtructed in the following 
manner: 

Make an equilateral triangle AB C. (Plate 3. Fig. 6.) From the point 
A ſet off, on the lines A B, and AC, the equal parts expreſſed by the ſe- 
veral denominators of the fractions, and draw lines acroſs at theſe diviſi- 
ons. Then ſet off, on theſe lines, the equal parts expreſſed by the reſpec- 
tive numerators of the fractions, and draw lines from A thro' theſe points 
to interſect the line BC. So if the ſide of the triangle be ſuppoſed to be 
the diameter at the ſlings, the ſeveral diviſions of the line B C, from the 


point B, will be the diameters at the quarters. It will be proper to raiſe 


the fractions, ſo their denominators do not exceed 100, 


STS Aa MEE LK 


Let it be required to conſtruct the line for yards, the quarters being 
the following fractions of the ſlings. 


1. +39 or . 2d. Ne or . 3d. es or . Yard arm 2, or . 


Having conſtructed the triangle A B C, ſet off 84 equal parts, the de- 
nominator of the firſt quarter, from A to 4; and from A to b draw the 
line a ö, which will be parallel to BC, Upon the line @ 6 ſet off 8 1 e- 
qual parts, the numerator of the firſt quarter, from à to c; and draw the 
line Ac to interſect the line B C in the firſt quarter. Again, for the ſecond 
quarter, its denominator is 100; therefore tet off 100 equal parts from A 
to B, and from A to C, which in this caſe is already done, becauſe the 
ſide of the equilateral triangle was made 100 equal parts: It remains on- 
ly to ſet go equal parts from B to the ſecond quarter, and draw a line 
from-A to this point, The denominators of the third quarter and yard 
arm, are likewiſe 100; the numerator for the third quarter is 70, which 
{et off from B to the third quarter, and draw a line from A to this PRs 
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The numerator for the yard arm is 40, which ſet off from B to y A, and 
draw a line from A to this point; by this means, if B C be ſuppoſed the 
diameter of a yard at the ſlings, By A will be that at the yard arm; B 
3 qr. that at the third quarter; B 2 qr. that at the ſecond; and B 1 qr. 
that at the firſt quarter; they being by conſtruction 3, , e, 2, of 
the line B C. 

The line being thus divided, may be transferred to each leg of the 
rule: But if the rule will not contain the length of the line, take ſuch a 
length as may ſuit the rule, and with a pair of compaſſes, ſet off that 
length from A to G, and from A to F; and draw the line G F, which 
being parallel to B C, will be divided in the ſame proportion, and may be 
transferred to the rule. In the plate (Fig. 7.) the lines are only drawn 
to y A, but if continued, would meet in the center of the joint. | 

The line being thus conſtructed, and transferred to the rule, we ſhall 
ſhew the uſe of it in making a yard; (Plate 3. Fig. 8.) which ſuppoſe 71 
feet long, of which A B is one half, and 8 8, the diameter at the ſlings 17 
inches: Having divided the line A B into four equal parts at the points 1 qr. 
2 qr. 3 qr. open the rule till the diſtance betwixt S and at the extremities 
of the lines on the rule, be equal to 17 inches, the diameter of the yard 
at the ſlings; then the extent from the dots on the one leg, to thoſe correſ- 
ponding on the other leg, will give the diameters at thoſe quarters, and at 
the yard arm, from which they may be ſet off upon the yard. But it 
muſt be obſerved, that only the halt of each of thoſe diameters thus 
found, muſt be taken, and that ſet off on each ſide of the middle line 
upon the yard ; for which reaſon, in practice, it will do better to take 
half the diameter at the ſlings, and ſet the rule by that; and then we 
have half the diameters at the quarters by the rule. | 

The lines A B, and A C, (Fig. 6.) and the lines drawn from the point A 
for the quarters, may be produced to any length, and drawn upon a board. 
If then the lines A B, and A C, be divided into inches, halts, and quar- 
ters, there will be no occaſion to transfer them to the rule : For ſuppoſe 
the diameter at the ſlings 21 inches, the half is 104; lay a ruler, or 
ſtrait edged batten acroſs the board, from 10 + in the line AB, to 10+ in 
the line A C, and make a mark upon the batten at each interſection 
with the lines drawn from A for the quarters. By this means we have, 
upon the batten, half the diameter at each quarter and yard arm ; and 
theſe being ſet off on each ſide of the middle line upon the yard, in 
their proper places, will give the whole diameter at thoſe places. 

After the ſame manner are the lines for maſts, bowſprits, and mizen 
yards conſtructed, by an equilateral triangle, and from thence transferred 
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to the rules ; the proportions, or fractional parts, by which the * are 
conſtructed, are as follows: 


"on 
| % 


| 


Quarters 1 2 3 | Hounds. | Head, | Heel. | Cape. | Yard Arm, 
Maſts 8 2 — ( — — 
Bowſprits 27 —= — 4341 — 
lower „„ Eo ]<]-| + 
Mizen Yard arm | 
8 e e Wome comet dn ef: 


Another method of proportioning the quarters to the ſlings, is taken 
from the diviſions of the quarter of a circle, but the diameter at the yard 
arm muſt be firſt determined; which ſuppoſe + of the ſlings, as before, 
and let G F (Plate 3. Fig. 3.) repreſent the diameter at the ſlings. Now 
to find the diameter at the quarters, take the following rule. 

1//, With the radius G F, deſcribe the quadrant G F E. 

2d. Upon the line G E, ſet off + of the diameter at the ſlings, from 
G to e, and thro' e draw a line parallel to G F, to interſect the arch in 
a; from a draw a yn parallel to G E, to interſect the line G F in y; 
then will y 4 be the diameter at the yard arm. 

d. Divide the line G y into four equal parts, in the points 1, 2, 3, 
and draw the lines 1 qr. 2 qr. 3 qr. parallel to G E, which will be the di- 
ameters at thoſe quarters. | | 
There is alſo another line on each leg; theſe meet at the center of the 
Joint, from whence they are numbered 1, 2, Cc. to 12; the ſpace betwixt 
the figures is nearly + of an inch, each divided into 12 equal parts: So the 
ſpaces betwixt the figures may repreſent feet, and the intermediate diviſions ' 
inches. But if it was required to make a ſcale of feet and inches, where one 
quarter of an inch, one eighth of an inch, or any other ſpace ſhall re- 
reſent one foot; it may be done by the ſame lines, as before directed. 
Thus, take with the compaſſes 12 times the ſpace intended to repreſent one 
foot, and open the rule till that reaches from 12 upon one leg to 12 upon 
the other leg. Now, whereas the feet and inches of the ſcale on the rule, 
are taken from the center of the joint ; thoſe of the other ſcale, mult be 


taken acroſs at thoſe points, 
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SECT, II. 
Of the Conſtruction of the Ten, Twelve, and Eight ſquare 


Lines. | 


HE uſe of theſe lines, is in order to hew a piece of timber ſo that 

it ſhall be a priſm contained under 10, 12, or 8 equal planes, 
which are called ſquares ; their baſes will be polygons of the ſame num- 
ber of equal ſides · 

The firſt thing to be done, is to hew the piece four ſquare; the four 
ſides for a ten ſquare will not be equal, for its baſe will be a rectangle; 
whereas the baſes for a twelve and eight ſquare will be ſquares ; ſo they 
muſt firſt be hewed into parallelopipedons. 

There are three lines neceſſary for making a ten ſquare, viz. The firſt 
for determining the longeſt fide of the rectangle; the ſecond for deter- 
mining the ſide of the polygon ; and the third for determining how much 
wood muſt be taken off the corners to reduce the rectangle to a poly- 
gon, Their chief uſe is for making barrels of capſtans. 


To Conſtruct the Ten ſquare Lines. 


Upon the line AB (Plate 3. Fig. g.) ere& a perpendicular C F, which 
make any number of inches, ſuppoſe one and a half. Thro' F draw the 
line DG parallel to AB: From C draw the lines CM and CN, making 
each an angle of 18 degrees with the line C F, ſo ſhall n be the fide of 
a polygon of ten equal ſides; for the angle at the center is 36 degrees, 
the tenth part of 360. With the radius Cm (equal to C,) deſcribe the 
ſemi-cirele Ann B, and erect the perpendiculars AD, BG; fo ſhall the 
rectangle A D G B, be half the baſe of the piece when hewed into four 
ſquares. Now it is plain, that the piece will be thicker one way than the o- 
ther; for CF is one half of one of the diameters, and C B half the other; 
and F half the fide of one of the ten ſquares: To reduce this rectangle to 
a polygon, make mms, 5 A, t, t B, equal to mn, and produce the lines ms 
and nr, to h and o, and cut off the triangles Dm and G 7 0; cut off al- 
ſo the triangles YA and fo B, ſo ſhall As mn 7B, be half the barrel of 
a capſtan of three inches diameter. If F m be divided into three equal 
parts, we ſhall have the diviſions of the line marked B 8, (Fig. 2.) which 
may be continued to any length. The uſe of this, is to find the fide of 


the 
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the ten ſquare, which is done by ſetting off as many diviſions of this line 
as the barrel is inches thick on each ſide of the middle line on the two 
big ſides. 

If the line A h (Plate 3. Fig. 2.) be divided into three equal parts, we 
ſhall have the diviſions of the line marked 8 8, which ſerves to ſhew how 
much muſt be ſet off from the middle line on the two ſmall ſides, viz. 


one of theſe diviſions, for every inch of the thickneſs of the barrel, which 


in this caſe will be to h and o; and when the wood is taken off from n to 
b, and from to o, we may make ms and 7 t, each equal to m , alſo e- 
qual to S A and FB. | 

If the line A B be divided into three equal parts, it will give the divi- 
ſions of the line L D, (Hg. 2.) which ſerves to ſhew how much the barrel 
muſt be the biggeſt way. 

In making the barrel, the firſt thing to be done, is to hew it to the de- 
ſigned thickneſs in inches; which is what is called ſideing of it, and after- 
wards to ſquare it; that is to hew it the other way. In order to do thie, 
we mult take as many diviſions of the line L D, as the barrel is to be inches 
thick, ſo when it is thus hewn, it will have two big, and two ſmall ſides: 
There muſt be a middle line ſtruck on each fide, and then proceed as direc- 
ted, by ſetting off the proper diſtances from the middle lines ; and when all 
the wood is taken off, there will remain nothing of the ſmall ſides but the mid- 
dle line; but of the two big ſides there will remain the ſide of the ten ſquare. 

In conſtructing theſe lines. it will be proper to produce the lines CF 
and Cn, till C F is fix inches or more; then will F be half the fide 
of the ten ſquare of a barrel of 12 inches thick, which may be divided 
into 12 equal parts; the ſame muſt be done with the lines 8 S and L D. 


To Conſtruct the Lines for à 12 Square. 


Theſe are likewiſe chiefly for making barrels of capſtans, (Plate 3. 
Fig. 10.) but here the piece muſt be hewed exactly 4 ſquare; for when 
all the wood is taken off, the whole ſide of the 12 fquare will remain on 
all the four ſides. 

There are only two lines neceſſary for reducing the 4 ſquare to a 12, 
and formed after the ſame manner as thoſe for a 10 ſquare; for fince the 
angle at the center of a polygon of 12 equal ſides is 30 degrees, if at C 
two angles of 15 degrees each be made, and the lines Cr and Cs be 
drawn, it is plain s will be the ſide of the 12 fquare, of which Fr is 
one half; which being divided into 3 equal parts, will give the diviſions of 
the line 4 8: (Fig. 2.) There muſt be as many of theſe diviſions ſet off from 

the 
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the middle line on all the 4. ſides, as the barrel is inches thick, and there- 
fore mult be ſet off from A to b, and from B tov, as well as from F to r 
and s; but the whole wood from to 6 muſt not be taken off. It muſt firſt 
be taken from 7 to c, the point where the fide r 4 produced interſects 
the line AD, which is half the ſide of the ſquare, Ac divided into three 
equal parts, will give the diviſions of the line 2 8, (Fig. 2.) which are to be 
ſet off from the middle line, on two of the oppoſite fides, as from A to c, 
and from B to 2; and when the wood is taken off from theſe points to 
and , the points d and ? may be found, by making 7 d and s # equal tors; 
and when the wood is taken off from d to h, and from # to o, we have 
A, b, d, r, s, t, o, B, the half of a 12 ſquare of 3 inches thick; but the 
lines CF and C, may be produced as directed in forming the lines for 
the 10 ſquare. 


To Conſiruct the Eight ſquare Lines. 


Theſe are on moſt of the ſhipwright's rules. Their uſe is in making 
maſts and yards, and ſo well known, that we need give no directions 
how to apply them; and ſhall only remark, that tho' maſts and yards 
are round, they muſt be firſt hewed four ſquare, each fide being equal 
to the diameter of the maſt or yard ; which, ſuppoſe A B, (Plate 3. 
Fig. II.) then will the rectangle AG DB, be half a four ſquare, in which 
a ſemi- circle may be inſcribed of the ſame diameter with the maſt or yard. 
If from the center C be drawn the lines C m and C, making each an 
angle of 22 degrees with the line CF, we ſhall have n the fide of a 
polygon of eight equal ſides, of which F 7 is one half; and if this is di- 
vided into as many equal parts as the diameter has inches, it will give the 
diviſions of the 8 ſquare line; one of which for every inch diameter muſt 
be ſet off from the middle line on all 4 ſides: And becauſe the diameter 
is ſuppoſed 3, when that number is ſet off from the points A, B and F, 
we ſhall have the points 7, mz, u, 6b: But theſe points may be found by 
ſetting off their diſtance from D and G, the fide of the ſquare ; for which 
purpoſe the line » G or m D, muſt be divided into 3 equal parts; ſo ei- 
ther of the lines may be uſed. 

Theſe lines are on foot rules; but there are two lines on the ſlider of the 
two foot rules; the one for finding the diameter at the quarters; the o- 
ther for finding the length and diameter at the ſlings of maſts and yards. 
We have already ſhewn how to find the quarters by the ſliding rule, which 
requires an operation for every quarter ; but this line ſhews them all at 
once, only by ſetting a point in the flider to the given diameter 4 the 

ings; 
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ſlings. It is the upper li e pon the ſl'der, and has a ſpace for maſts, 
one for yards, one for bo 2114 ons tur cach arm of a mizen yard, 


% | 3 . 
To find the Larter, by this Line, 


For maſts, ſet P on the ſlider againſt the diameter at the partners, and 
againſt the figures 1, 2, 3, you will find the diameters of the 1ſt, 2d, and 
3d quarters; againſt H S will be the diameter at the hounds, and againſt 
m h the diameter of the lower maſt head, but if it is a top maſt, the di- 
ameter will be againſt T . 

After the ſame manner the quarters of the yards may be found, by 
ſetting S againſt the diameter at the ſlings; and againſt the figures 1, 2, 3, 
will be found the diameters of 1ſt, 2d, and zd, quarters; and againſt YA, 
the diameter at the yard arm. The ſame may be ſaid of the bowſprit 
and mizen yard: One example will be ſufficient to illuſtrate the whole, 


Required the bigneſs at the Quarters, and Yard Arm, of a Main Yard 30 
Inches at the Slings. 


Set S againſt 30, then againſt 1 will be 29, neareſt, for the firſt quar- 
ter; againſt 2 will be 27, for the ſecond ; againſt 3 will be 21 for the third; 
and againſt Y A will be 12 for the yard arm. | 

Note. The ſlider muſt be applied to a double line of numbers. 

Before this line can be conſtructed, the proportion that the quarters 
bear to the ſlings muſt be determined, which ſuppoſe to be as before. 


In decimals, 
Firſt quarter IF +964 
Second quarter 75 9 
Third quarter Ie 7 
Yard arm T 4 


At any convenient place upon the ſlider aſſign a point for 8, and draw 
a ſcore at that point for the ſlings; ſet that point or ſcore againſt 28, and 
againſt 27 draw a ſcore upon the ſlider for 1; then move the ſlider till 8 
is againſt 10, and againſt ꝙ draw a ſcore upon the ſlider, for 2 againſt 7 
draw a ſcore for 3; then move 8 to 5, and againſt 2 draw a ſcore for the 

ard arm. | | 1 

F The reaſon of this will appear very plain, if we find the quarters by 
a pair of compaſſes; for then we take the diſtance betwixt 28 and 27, 
(which will always be equal to the diſtance betwixt the diameter at the 


flings, and that at the firſt quarter) but this is equal to the diſtance be- 
twixt 


| 
| 
| 
| 


that purpoſe, and thoſe for diſtinction's ſake are acroſs 
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twixt 8 and 1 upon the ſlider ; therefore if 8 be ſet againſt the diameter 
at the ſlings, 1 will be againſt that at the firſt quarter; the like may be 
ſaid of the reſt, \ | 

If the fractions are all reduced to decimals, the ſtrokes for the quarters, 
Sc. may be remarked, without moving the ſlider after S is ſet to 1, as 
will be found upon examination ; and the conſtruction of the line will ap- 
pear plainer by the decimals; for the points 1, 2, 3 and V, are exactly the 
ſame diſtance from 8, that the numbers .964, .9, .7, .4 are from 1 on the 
line ot numbers. There is no difference therefore between the line on 
the ſlider, and the line of numbers, only when the proportion of the quar- 
ters, &c. is determined by numbers; as the diſtances property ſet off from 
1, to decimal parts, will reach from S to the points 1, 2, 3 and V A; theſe 
points are uſed inſtead of the numbers .364, .9, .7, 4. | 

The lower line on the flider, is for finding the lengths of maſts and 
yards, but before this can be done, there muſt be a given proportion; 
the following is generally allowed for maſts, v/z. As 100 is to 76, ſo is 
the extreme breadth in feet, to the length of the main maſt in yards. 

The lengths of the other maſts are proportioned to the main maſt, 
and the points or ſtrokes upon the ſlider, are laid down from Br , by 
thoſe eſtabliſhed proportions, in the ſame manner as the diameters at the 
quarters of the yards are proportioned to that of the ſlings. - 

The main maſt is allowed to be in proportion to the fore maſt, as 100 
to 89; in like manner there muſt be proportions for the mizen maſt, 
bowſprit, main, fore and mizen top maſts, topgallant maſt and ſprit fail 


top maſt; by theſe proportions, the points or ſtrokes, are ſet off for the 


different maſts at proper diſtances from By h. 


To find the Lengths of the Maſis by the Line. 


Set B r h againſt the extreme breadth in feet; then the lengths of all 
the maſts will be againſt their reſpective diviſions, which are all diſtin- 
guiſhed by letters peculiar to each; and at the ſame time, the lengths of 
their heads and hounds may be found, there being * letters for 

e 


ſlider. 


2 


| * 
Thus ron main maſt head. 
7 | For main maſt hounds, 
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e 
Required the lengths of the maſts of a ſhip whoſe extreme breadth is 


50 feet. 2 | 
Set Bir b againſt 50; then the lengths of all the maſts, maſt heads 


and hounds, will be found againſt their reſpective diviſions, diſtinguiſhed 
by letters as follows, v7Z. 


Lengths, | Head, | Hounds, 
Yards. | Feet. Feet. 
M Main maſt” q8 1,015: 8] 6 46 
F Fore maſt 33 + | 14 413: 43 
Z Mizen maſt J ͤ 10 08 
B Bowſprit | 24 $) — 
Mz Main top maſt n 
Ff Fore top maſt n 
Z t Mizen top maſt % 
Mg Main top gallant maſt Ait ©0122 25] 1 38 
F g Fore top gallant maſt n 
SF Spritſail top maſt 8 „6 | — 


The lengths of the yards are proportioned to the length of the gun 
deck, and eſtimated in the ſame meaſure that the gun deck is, and are 


found in the ſame manner as the maſts are. 
Set G D againſt the length of the gun deck, and the lengths of all the 


yards will be found againſt their proper letters, as in the following ex- 


amples, vig. 


Admit the gun deck to be 174 feet; required the lengths of all the 


yards, 
Set G D againſt 174. then the ſeveral lengths will be found as fol-. 
lows, viz, 
Feet, 
M The main yard r03 
F The fore yard 90 2 
Z The mizen yard 82 
M. The main top fail yard 71 
Ff The fore top ſail yard 62 2 
Mg The main top gallant yard 49 
Z The mizen top fail yard 47 
Fg The fore top gallant yard 43 * 


To find the diameter of any maſt or yard, firſt find the length in feet. 


Set F L againſt that length, and you will find the diameter in inches a- 
2 gainſt 
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gainſt the letters, repreſenting the maſt or yard, whoſe diameter is re- & | 
quired as in the following, VIS, | 


* 


Feet. Diameter. 

Main maſt 114 LN 38 

Fore maſt 102 ditto 34 

Bow ſprit | 97+ 3 404 

Main top maſt 59 Tm 20 * 
Fore top maſt 62 4 ditto 18 2 
Mizen top maſt 48 ditto 14 .4 
Main top gallant maſt 33 — 9.9 
Fore top gallant maſt 30 — 9 0 


The letters L ſignify all lower maſts. B the bowſprit. T mall top 
maſts, and top gallant maſts. 


The line for finding the lengths and diameters of maſts and yards, is 
put upon the inſide of the ſlider on the foot rules. 


— 


The End of the Firſt Part. 
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THE THEORY OF 


SHIPBUILDING and NAVIGATION: 


"PART IH 


n | he I. 


Of the Orthographick projection of Solids on a Plane. 


HE chief deſign of delineating a houſe, ſhip, or any other 
ſolid upon a plane, is to ſettle the juſt dimenſions, and ſyme- 
try of its parts according to the ſcheme of the builder. 
When this is done by mathematical rules, we can find the 
exact length, breadth and heighth, not only of the whole, 

but alſo of any particular apartment on a ſheet of paper. However, as 

a plane has but two dimenſions, vig. length and breadth, and a fol 

three; they cannot all be repreſented by only one projection on the ſame 
lane. | l; 

n A plane is an even ſurface, to which a right line may be every way | 

applied, and upon which there are ſeveral ways of projecting folids. i 

We ſhall only treat of the orthographic projection, as beſt ſuited to our 

purpole. | | 

Before any ſolid can be repreſented by this way of projection upon a 
plane, it muſt be ſuppoſed to be cut by ſeveral planes: Theſe are called 
plain ſections, and will form even ſurfaces, which having but two dimen- 
tions, may be delincated upon a plane: And when the ſolid is cut ſo as to 
form an uneven ſurface, it is always ſuppoſed to be covered with an even 
one before it can be repreſented upon a plane; ſo that in effect, we only 
repreſent one plane upon another, 

The thing to be repreſented is called the original, and the plane upon 
which it is to be repreſented, the plane of the projection. 


A Q 2 When 
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When ſeveral lines parallel to one another, are drawn from all the 
parts of an original, to cut the plane of the projection; they will upon it 
deſcribe a figure, which is called the projection of that original. The 
lines producing this figure, are called the projecting lines or rays; and 
this manner of repreſenting any ohject, is called the orthographick pro- 
jection of that object. 

This paralleliſm of rays is the eſſential property which diſtinguiſhes 
the orthographick from all other kinds of projection: And tho” it is in- 
different in what direction the projecting lines are drawn; it will be more 
convenient to make them perpendicular to the plane of the projection, 
and when this is parallel to the horizon, the length and breadth of any 
ſolid can be found by a plummet carried round it with a thread, fo as t 
touch all the parts of it; but the heighth cannot be repreſented by this 
operation. This is what is called a plan of a building. 

If another plane be erected perpendicular to the horizon, and the ſo- 
lid in the ſame poſition, ſuppoſed to be cut length ways by ſeveral planes 
parallel to one another, and perpendicular to the horizon ; we can up- 
on it, repreſent the true lengths and heighths of all theſe ſections; but 
inſtead of a plummet, we muſt make uſe of a ſquare. This is what is 
called the plane of elevation, or ſide view of a building. 

If another plane be erected perpendicular to the two former, we can 
upon it, repreſent the heighth and breadth of any ſection, cutting the 
ſolid right acroſs, perpendicular to. the horizontal and fide planes. This, 
in a building, is called the profile, being an end view; in a ſhip, the 
head or ſtern view. By theſe three planes all the parts of a folid may be 
repreſented; and if two of the planes be known, the third may be found 
without having recourſe to the ſolid, | | 

By this deſcription, it may ſeem that a houſe or ſhip, cannot be 
thus delineated till actually built. But it muſt be obſerved, that the 
extreme length, breadth and heighth, muft be determined ; by which 
the three planes aforeſaid may be delineated. Theſe may be called the 
out lines, The ſeveral parts contained within them may be delineated 
ſo as to anſwer the intended uſe; by which means we ſhall have a di- 
ſtinct view of the whole defign, and may diſcover any inconveniencies 
that may attend ſuch a diſpoſition of the parts, which may be eaſily re- 
medied upon paper; and the true dimenſions of every particular may 
then be had upon the draught: Whereas, if we go to erect the ſtruc- 


ture without a draught, we run the hazard of pulling down ſeveral parts 


in order to make them uniform and convenient for the reſt. 
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The delineating a ſhip upon a plane is called drawing, and the repre- 
ſentation is called a draught. 


Properties of the Orthographick projection. 


plane of the projection, will be repreſented by points. 

2. All lines on an original plane, that is inclined to the plane of the 
projection, will be repreſented by ſhorter ones, but if they be parallel 
on the original, they will be ſo when projected; and when the original 
is parallel to the plane of the projection, they will be exactly of the 
ſame length in both. ; 

3. All planes, whether limited by right or curve lines, when perpen- 
dicular to the plane of the projection, will be repreſented by right lines. 

4. All planes parallel to the plane of the projection, will be repreſen- 
ted by equal and fimilar planes; but if they be inclined, their repreſen- 
tations will be leſs than their originals, | 

5. The mutual interſection of two planes, is a right line common to: | 
both planes, and is called their common ſection; and if ſeveral planes in- 1 
terſect one another in the ſame line, it will be common to all the planes. | 

6. In the orthographick projection, the diſtance of the original from 
the plane of tlc projection, makes no alteration in its repreſentation. 

7. Beiore any. plane can be repreſented upon another, its poſition with 
reſpect to the plane of the projection, muſt be determined. l 

8, The incliuation of one plane to another, is the angle formed by | 
two lines, one in each plane, both drawn perpendicular to the common it 
ſection ; where they weet at the ſame point. i 

In order to illuſtrate and demonſtrate theſe properties, we ſhall in the | 
following problems, ſhew the different repreſentations of a plane accord- 
ing to its poſition, in reſpect of the plane of the projection; and to aſ- 


fiſt the imagination in conceiving why the ſame plane mn have different 


1, All right lines upon an original plane, that are perpendicular to the: | 
| 
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repreſentations; the figures are ſo contrived that they may be cut, and. 
erected to any required angle with the plane of the projection. 


Re 


Given, the plane Ar d aB C, (Fig. 5.) upon which are drawn the lines 
7, d 2, a 3, parallel to A C, and perpendicular to BC; required, its 
projection upon the plane BM NT, to which it is ſuppoſed perpendicu- 
lr; fo that 2 CG ſhall be a right angle. | 


Drau | 
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Draw the line C g perpendicular to C G, and make it equal to C B; 
(Plate 4. Fig. 5.) then will C g be the projection of the plane Ar d a BC. 
But if it were required to project it ſo that A C D ſhall be a right angle; 
draw the line C B perpendicular to C D, and B C will be the required 
projection of the plane ArdaBC: This will be maniteſt when the plane 
is erected, till the point A is perpendicular to the point C; for then 
parallel lines drawn from the points r, d, a, will fall upon the line C B, 
and be repreſented by the points 1, 2, 3; and the whole plane Ar da B C, 
will be repreſented by the right line B C, as by properties I and 3: For 
A C and CD being perpendiculars to C B, the common ſection of the 
two planes, will form a right angle at C, when the plane Ar da BC, is 
turned upon the axis B C till the point A is perpendicular to C; and it 
then a thread be ſtretched through the points A and D, we ſhall have a 
right angled triangle, of which the thread is the hypothenuſe, A C the 
perpendicular, C D the baſe, and A C D the right angle; tho' it was a 
right line before the plane was erected. f 
Note. The arch BadrA, and the radius A C, are to be cut through, 
and then the plane may be turned upon the axis B C. 


0 


Given the plane Ar da B C, to find its repreſentation on the plane 
B MNT, to which it is ſuppoſed parallel. 

This is only making a plane equal and ſimilar to the given one. There- 
fore produce the lines A C, 1 1, d 2, 43, to D, ?, f, c; make C D equal 
AC, 17 equal r 1, 2 , equal d 2, and 3c equal a3; fo ſhall CBS t D 
be the plane required. For if the plane A rd a BC, be turned round 
upon the axis B C, till it is parallel to the plane ; the point A will come 
to the point D, r to t, Cc. and the parallels 7 1, d 2, 4 3, will be pro- 
jected into equal and parallel lines, as by properties 2 and 4. And the 
projection will be the ſame, if the original is lifted up to any diſtance a- 
bove the plane of the projection, fo it be parallel to it, tho” the projecting 
lines be oblique to the plane: As if it were required to project the plane 
Ard aB C upon the plane RPOS, fo that the point H ſhall repreſent 
the point B. Draw the line B H, and parallel to it, lines from the points 
A, r, d, a, 3, 2, 1, C. Make theſe lines each equal to the line B H; fo 
ſhall E 6 544K, be the plane required, equal and fimilar to the plane 
Arda h C; we have omitted drawing the lines from 3, 2, 1 and C to a- 
void confuſion. | | | 

If the original is inclined to the plane of the projection, its repre- 
ſentayon wilt be leG than the original, but its true dimenſions may be 
| ound 
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found by the following problem; provided its inclination and repreſen— 
tation be known, and the direction of the projecting lines. 


P.R OB. III. 


Let the angle G CE be the inclination, and B4esE C, the repreſen- 
tation of a plane, and the projecting lines perpendicular to the plane 
BhesE; required Ard a BC, the original plane. | 

It is evident by the properties before deſcribed, that when the original 
is inclined according to the given angle, the projecting lines let fall from 
A, , d, s, will fall in the points E, , e, &, to which they are ſuppoſed 
perpendicular; and of conſequence E C, s 1, e 2, 6 3, will the baſes, and 
71, 42, a 3, hypothenuſes of right angled triangles; of which the angles 
and baſes being given, the hypothenuſes may be found by conſtructing the 
triangles; or if the baſe and hypothenuſe is given, the angle of inclina- 
tion may be had in the triangle. 

At the point E erect the perpendicular EG; at C make the given an- 
gle, and draw the line C G to interſe& the perpendicular in G; then will 
the hypothenuſe C G be equal to AC. This will eaſily be conceived by 
erecting the triangle GCE, till it is perpendicular to the plane BS E; 
and when the plane Ar da B C is inclined to it, according to the given 
angle, the lines A C and C G will coincide: In like manner the lines 71, 
d 2, a 3, may be found, by erecting perpendiculars at the points 5, e, 6, 
and drawing lines parallel to C G, from the points 1, 2, 3, to interſect 
theſe perpendiculars, which will form ſo many right angled triangles: 
Their hypothenuſes will be equal to the lines Y 1, d 2, 43. 

Note, The lines CGandGE, in the triangle are to be cut through, 


NOR IV. 


Given, the plane Ar da BC, and its inclination (the angle G CE) to 
the plane BM NT, to project it upon that plane. 

This is only the reverſe of the former, for here the hy pothenuſes and 
angles, are given to find the baſes. Make therefore the given angle at 
C, and CG equal A C, from G let fall the perpendicular G E; fo ſhall 
the point E be the repreſentation of the point A. Having thus conſtruc- 
ted the triangle G CE, right angled at E; the baſe C E will be the pro- 
jection of the line AC. In like manner, the baſes 16, 2 e, 3 , may be 
found; by making G1, G 2, G 3, in the triangle, equal 1, 42, 43, 
in the plane ArdaBC: Then draw the lines 15, 2 e, 3 6, parallel to 
CE: Theſe ſet off from the points 1, 2, 3, in the line B C, upon per- 


pendiculars drawn to thoſe points on the plane B M N T, will we op | 
ines 
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lines 1s, 2e, 35; ſo that Be E C, will be the projection of the plane 
Arda BC. | 

Our readers ſhould be well acquainted with theſe problems: For we 
ſhall have frequent occaſion to find the inclination ot one plane to ano- 
ther. The next thing neceſſary to be underſtood is, when ſeveral planes 
are given, and their inclinations to one another, to find the dimenſions of 
another plane which will interſect them in any aſſign'd poſition. | 

This will admit of ſeveral varieties; in order to explain which, we 
ſhall ſhew how to lay down a ſolid upon a plane. For this purpoſe we 
ſhall chuſe one limited by fix planes, like a cheſt, as being the ſimpleſt, 
and caſieſt to be repreſented of all ſolids; for if the ends be two cqual 
right angled parallelograms, ſuppoſed to be parallel to one another, and 
perpendicular to the bottom; the ſides will be equal, and parallel planes; 
the top and bottom will allo be equal. But in order to make all the 
planes different, we ſhall ſuppoſe it broader at one end than the other, 
and the top ſloping. 

Let then C s A, be the narrow, and DF B, (Plate 4. Fig. 1, 4.) 
the broad end, right angled at z and A, alſo at & and B; their heighth at 
the back fide B D and A C equal. The ends being ſuppoſed perpendicu- 
lar to the bottom and back ſide, will occaſion the ſides likewiſe to be per- 
pendicular to the bottom, tho' not parallel to one another; the angle 
T Dr, or its equal s C S, will give the ſlope of the top; or its inclina- 
tion to the back ſide. Now all the planes are different, and before their 
dimenſions can be determined, the length of the cheſt muſt be given; 
which ſuppoſe the line AB. This will determine the dimenſions of all 
the planes. And firſt to find the bottom. At the points A and B, draw 
the perpendiculars A E and BF; make BF equal Bb, and A E equal A u, 
and draw the line EF; ſo the plane AB F E, will be the bottom. Se- 
condly, to find the back ſide, produce the perpendiculars E A and FB, 
to C and D; making AC and BD, equal the given heighth of the ends, 
and draw the line CD; ſo ſhall the plane A C D B, be the back fide. 
The bottom is the horizontal plane, and the back ſide, the plane of the 
elevation; and when this is erected perpendicular to that, the angles 
DBE F and G AE, will be right. And it the plane DF B be turned a- 
bout upon D B as an axis; and the plane Cs, A, turned round upon the 
axis C A, till they are perpendiclar to the horizontal and elevation planes: 
Then perpendicular lines drawn from the points D and 7, will fall in the 
points Band F, and from C and s in the points A and E; fo that the plane 
AEF B, will be the projection of the top on the horizontal plane; which 
will be leſs than the original, becauſe it is not parallel to the plane Pp 

whic 
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which it is projected. But as its inclination is given, the true dimenſions 
may be had by Prob. 3. The triangles being conſtructed, produce the per- 
pendiculars B D and AC, to K and I, making D K equal to the hypo- 
thenuſe Dr, and C I equal to the hypothenuſe Cs; and dravy the line 
IK; ſo ſhall the plane CIK D be the top. 

In like manner, the foreſide may be projected upon the plane of ele- 
vation, which will be the plane AS T B: But this will be too ſhort. 
Therefore from the points F and E, draw the perpendiculars E G and FH; 
making F H equal to? , and E G equal to g, and draw the line G H; fo 
ſhall the plane EF H G, be the foreſide. The planes being thus found, 
they may be cut by the dotted lines, and erected to their proper poſition; 
and when the line I K, and the dotted perpendiculars are cut, the top 
may then be turned round upon the line C D, till it lies flat upon the 
plane AC D B, where it may be preſſed down; by which means the line 
CD will remain immoveable, and acquire ſuch a creaſe or fold, that the 
plane IK D C, may be turned round upon it as upon a hinge. In like 
manner, the dotted lines C, 5, u A, (Fig. 1.) and the dotted lines Dr, 
7, Bb, (Fig. 4.) may be cut; and the ends turned round upon the lines 
CA and DB, till they are laid flat upon the plane AC DB. And when 
the top is likewiſe laid flat upon theſe, the plane A C D B, may (toge- 
ther with the ends and top) be turned round upon the line A B, till it lies 
flat upon the plane AG HB; after which all the planes may be turned 
round, and laid in their firſt ſituation; and ſo they will all lie in one 
plane, We may now eaſily erect the cheſt ; and firſt erect the ends till 
they are perpendicular to the back fide; and the top may be turned round 
till it lays upon the lines Cs and Df. And if the tongue x (Fig. 1.) be 
put in the ſlit x in the top, near J; and the tongue 4 (Fig. 4.) in the flit 
a in the top near K; then the backſide, together with the ends and 
top, may be turned round upon the line A EB, till it comes to be perpen- 
dicular to the bottom; and the point « (Fig. 1.) will be in the point E: 
And to keep it faſt, the tongue y may be put in the ſlit y, In like manner, 

the point & (Fig. 4.) will be in the point F, and the tongue e may be 
put into the ſlit e; ſo we have now the ends, top and backſide faſtened 
to the bottom: And if the dotted lines EG, G , HF be cut, the plane 
EG H F may be erected perpendicular to the bottom. The point G will 
be in the point s, and the point H in the point ?; and the tongue L, 
which may repreſent the haſp of a lock, may be put into the ſlit L in 
the foreſide. 

The cheſt being thus erected, it will be eaſy to make any partitions 


within it. But if the poſition of theſe partitions be known, their true di- 
| R men- 
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menſions, form and inclination may be found before the planes are erec- 
ted; provided the dimenſions and inclination of theſe planes to one ano- 
ther be given. 

The horizontal and elevation planes are always perpendicular to one a- 
nother. Now a plane may interſect theſe two in three different poſitions. 

1%, When perpendicular to both. Its interſection in both planes will 
then be in a right line perpendicular to the line AB, the common ſection of 
the two plancs, as Fig. 1. which interſects the elevation plane in the line 
CA, and the horizontal in the line AE. This is what the ſhipwrights 
call a ſquare plane. 

24%, When inclined to the plane of elevation, but perpendicular to the 
horizontal, as Fig. 2. which interſects the plane of elevation in the line GH 
perpendicular to AB, and the horizontal in the line H -: So its inclination 
to the plane of elevation, will be the angle  H 4. This the ſhipwrights call 
a canted plane. But if the plane AE F B, be the plane of elevation, and 
the plane AC D B, the horizontal; the plane interſecting them in the lines 
G H and Hy, would then be called a raking plane. 
3a, A plane may be inclined to both, as Fig. 3. interſecting the plane 

of elevation in the line MN, and the horizontal in the line N q. This 
plane is ſaid to cant and rake. Their poſitions being thus determined, 
their dimenſions are likewiſe determined. 


# 4. Wl 


To find the Dimenſions of a ſquare Plane, interſecting the common Section 
of the Horizontal and Elevation Planes in the Point A. 


Through A draw the perpendicular I E, interſecting the common ſec- 
tion of the top and backſide in the point C, and the common ſection of 
the bottom and foreſide in the point E. Make a right angle at A, be- 
cauſe the required plane is ſuppoſed perpendicular to the horizontal; and 
make A 7 equal to A E, the breadth of the bottom at that place. Again, 
becauſe the foreſide is perpendicular to the bottom, make a right angle at 
#, and , equal to EG, which is the breadth of the foreſide at that place: 
Laſtly, draw the lines C; fo ſhall Cs be equal to CI, the breadth of the 
top at that place; and C s A the required plane, the angle S C, being 
the inclination of the top. 

The profile, is the proper plane to project all ſquare planes upon, as 
being parallel to it. Now the plane D t % B, is the profile: And if it 
were required to find the dimenſions of a plane, interſecting the horizon- 


tal in the line AE, and the elevation in the line AC; it is only ſetting 
off 
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off A E from B to 5, and drawing þ o parallel to BD; then will Do B, 


be the plane required, equal to CSα A; and 7 0 equal to 8 3. For B D 
and C A, are equal by ſuppoſition. | 


a 
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To find the Dimenſions of a Cant Plane, interſefing the Horizontal Plane 
in the Line Hh, and the Elevation in the Perpendicular G H. 


From the point þ let fall the perpendicular Y ww, and produce it to in- 
terſect the line 8 T in W, and draw the line G W]; then will G W w H, 
be the projection of it upon the plane of elevation. Which will be leſs 
than the original, becauſe it is inclined to it; but its true dimenſions may 
be found by Prob. 3. Thus, make H equal to H h, and raiſe a perpen- 
dicular at 7: Make 7 m equal to w W, and draw the line Gn; fo ſhall 
GmnH, be the required plane. The angle 2 H , its inclination to the 
backſide; and the angle H VE, the inclination to the foreſide. The in- 


clination of the top will be the ſame as that of the bottom, which in this 
is a right angle. 


C 


To find the Dimenſions of a Plane that Rakes and Cants; interſecting the 
Horizontal in the Line N q, and the Elevation in the Line M N. 


1/. From 9 let fall the perpendicular 2; thro' z draw the line P, 
perpendicular to MN, produced to. From the center N, with the ra- 
dius N q, interſect the perpendicular f in P; and draw the dotted line 
N P. Again, thro' M draw the line M R parallel, and equal to N P, 
and draw the line PR; ſo MNP R, would be the required plane, if 
the bottom were as broad at the point v, as it is at the point 2, and the 
top parallel to the bottom. But as this is not the caſe here, the required 
plane will be narrower at the top than at the bottom. 

2d. From M let fall the perpendicular Mv, and draw the line v V, 
parallel to N g; make Mu equal to v V, and draw the line P zz. 80 
M N P mz, would be the required plane, if the top was parallel to the 
bottom. 

zd. Make NP in the line N q, equal to v V, aud draw the perpendicu- 
lar Pr, and make Mu equal to Ny, So a line drawn from 7 to , would 
be parallel to MN, and would interſect the line S T ſomewhere ; and a line 
drawn from that point of interſection to M, would be the projection of a 
plane interſecting the plane of elevation in the line MN; and the hori- 
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zontal plane in the line NP. But there will be no occaſion to draw this 
line, becauſe N is the length of the line of interſection of the required 
plane; and 2 the projection of the point 1. Therefore a line muſt be 
drawn from 2 to 7, which will interſe&t the line 8 T in «; ſo ſhall 
MN x, be the projection of the required plane, upon the plane of ele- 
vation, which will be leſs than the original. To find which, thro' x 
draw a perpendicular to the line MN, to interſect the line P in the 
point d; ſo ſhall M d P N, be the plane required. And to find its in- 
clination to the plane of elevation, draw the line Z > parallel to F M, 
and produce it to ?: Make f equal to fp; ſo ſhall 2 ft, be a right an- 
gled triangle; and the angle z Vt, the inclination to the backſide, For 
if the triangle be erected perpendicular to the plane, as mentioned in Prob. 
3. the lines Ft and F p, will coincide. To find the inclination to the fore- 
fide, make the angle 2 No, equal to the anglezfZ; ſo ſhall No V, be 
the required angle. For if the lincs A B and E F were parallel ; the in- 
clination to the backſide and foreſide, would be equal. Laſtly, to find 
its inclination to the bottom; thro' the point v draw a perpendicular 4 6 
to N g, produced to a, From N, with the radius N M, interſect the 
perpendicular in the point 6. With the radius @ 6 interſect the line v V, 
produced in the point c; ſo ſhall a v c, be a right angled triangle, and 
the angle ca u, the inclination to the bottom. For if the plane MNP R, 
was projected upon the horizontal plane, the point M would be elevated 
till a perpendicular from it would fall upon the point v; ſo a v would be 
the baſe, and @ the hypothenuſe of the right angled triangle a vc. 


DEMONSTRATION. 


At N erect the perpendicular NX, make N equal to N; then will 
N+SY X, be the true dimenſions of a plane interſecting the elevation in 
the line X N, and the horizontal in the line N 9g, by the preceding pro- 
blem; and the angle X N 9, a right angle. For when the plane ABCD, 
is erected perpendicular to the plane A BF E; if the plane X Ns V, be 
turned round upon the axis X N, the point s will deſcribe the ſemicir- 
cles q £6, as if a door be opened, and turned upon the hinges till it lies 
againſt a partition or wall, the bottom of it will deſcribe a ſemicircle up- 
the floor, But if the upper hinge, ſuppoſe at X, be moved to M, it is 
Plain the point 9 in the bottom of the door will not touch the floor. 

And if the door be turned round upon the axis M N, till it lies flat 
upon the partition, or plane X NSS; the line N will lie upon the per- 
pendicular Ne; the angle MN being always @ right one; for the bot- 

tom 
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tom of the door is ſquare, But the required plane muſt touch the floor 
when it is in the direction of the line N qg; therefore it cannot be ſquare : 
And becauſe the extremity of the bottom, when the plane is in its pro- 
per poſition, will be ſo far elevated above the plane MN R, that a per- 
pendicular from it will fall in the point 2; it is obvious, that in turning 
the door upon the axis MN, a perpendicular let fall from the extreme 
point of the bottom, will always meet the plane M/ P R, ſomewhere in 
the perpendicular F z produced; and therefore when the door is laid flat 
upon the partition, or plane M N P R, that extreme point muſt lie 
upon the point P, becauſe the dotted line NP, is made equal to N 9g; 
and when PR is drawn parallel to M N, and M R parallel, and equal to 
N P, we ſhall have the plane MN PR; fo the angle M NP, will be 
that which the bottom makes with the ſide of the door. By which 
means the triangle N & P, will be added to the ſquare bottom; and when 
the door is turned upon the axis M N, till it is in the direction of the line 
Ng; the dotted line N P will lie cloſe upon the floor on the line Ng: 
When the door is in this poſition, if the ſtock of a ſquare be laid upon 
the plane MNsy, which may repreſent the partition of a room, and 
the tongue erected perpendicular to the plane, we may deſcribe the 
line 2 , by keeping the ſtock of the ſquare perpendicular to the line 
MN; and moving it along the plane in that direction, the tongue al- 
ways touching the ſide of the door. All which will appear very plain 
when the planes are cut by the dotted lines, and erected to their proper 
poſitions. 

Thus I have endeavoured to explain the principles of the orthographick 
projection, by laying down the ſimpleſt ſolid that can well be thought of, 
or conceived : And if I have not done it in ſuch a manner as to make it 
intelligible to all capacities, it may be owing to their want of a ſufficient 
knowledge of the principles of geometry and trigonometry. | 

If they cannot attain this by what has been ſaid on thoſe ſubjects in the 
firſt part, I would adviſe ſuch to have recourſe to a maſter for inſtruction. 
If they are at a loſs how to lay down a ſolid limited by fix planes, 
which requires no curves, it will be in vain for them to proceed any far- 
ther. For it will be impoſlible for them to comprehend the reaſon of 
the methods uſed in laying down irregular ſolids limited by various ſur- 
faces, ſome of which are plain, and others very irregular curves, 

In laying down any irregular ſolid, we may ſuppoſe it to be incloſed 
within fix planes, the oppoſites of which may be equal and parallel, and 
all the planes right angled ; ſo we may then proceed upon the ſame prin- 
ciples as before, for we ſhall have the dimenſions of the three agar ras 

planes, 
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planes, v/z, horizontal, elevation and profile. And if the true form and 
dimenſions of two planes parallel to the profile, and likewiſe their diſtance 
from one another be given; we may find the true form and dimenſions 
of any intermediate planes between them, in the ſame manner as we have 
done in that already laid down. But it muſt be obſerved, that the form 
of the ſurface, which limits that part of the ſolid intercepted betwixt 
the two given planes, muſt likewiſe be given; which ſhall be ſhewa 
plainly when we come to apply what has been now ſaid to the actual lay- 
ing down of ſhips on a plane, 
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Explication of the Terms and Mames of the Lines uſed in 
drawing Ships. 


HAT is chiefly intended in drawing of ſhips, is to find the form 
of all the timbers. Now if a ſhip's ſide were trait fore and aft, 
this could be done with as much certainty, as in the ſolid laid down in 
the preceding chapter. In that caſe we need only determine the form of 
the foremoſt and aftermoſt timbers, and then all the ſections, either pa- 
rallel or inclined to the horizontal, cutting the ſhip lengthwiſe, would 
be limited by ſtrait lines; any two points of which being given, a ruler 
or ſtrait edged batten would find the whole line. And tho” all ſections 
parallel to the profile may be limited by curves, and theſe very irregular, 
yet if a ſufficient number of points be found in each, a thin batten of 
pliable wood may be bent fo as to touch all the points; and ſo deſcribe 
what 1s called a fair curve. Now we may have as many points as we 
pleaſe, only by forming as many ſections, either parallel or inclined to 
the horizontal, as ſhall be thought neceſſary to have points: For upon ſup- 
polition- that the fide is ſtrait fore and aft, theſe ſections will all be limi- 
ted by ſtrait lines, their lengths will be the given diſtance betwixt the 
two parallel planes, and their breadths will be determined by the direc- 
tion in which they cut the profile. This is ſo plain that it needs no ex- 

ample, 
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ample, and a caſe that cannot happen in laying down a ſhip; which be- 
ing broader near the middle than at either end, cannot have a ſtrait fide, 
And therefore there will be a neceſſity of determining the form of the 
profile, by a ſcction at the broadeſt place of the ſhip; and alto the form 
of a ſection near each end parallel to the profile. 

There can be no invariable rule given to determine the form of theſe 
three ſections, becauſe they muſt be conformable to the ſervice the ſhip 
is deſigned for : However, determined they muſt be, before we can be- 
gin to find the form of the intermediates ; if by no-other means, by re- 
peated trials, till they pleaſe the fancy of the artift, aſſiſted by his judg- 
ment in diſcerning what form will beſt anſwer the propoſed delign. The 
next thing to be determined, is the form and dimenſions of ſeveral ſec- 
tions, either parallel or inclined to the horizontal. They will all be limited 
by curves, ſome of which will be very irregular, However there will 
be three points in each ſection given, by the direction in which they cut 
the given planes. | 

Here we think it neceſſary to explain what is to be underſtood by a fair 
curve; a term frequently uſed in drawing : In order to which it muſt be 
obſerved, that the circumference of a circle ſeems to be the only curve 
that can with certainty be drawn; for this requires ng-art. But in de- 
ſcribing an ellipſis we muſt find ſeveral points, thro' which the curve muſt 
paſs according to the eſtabliſhed properties of that curve; and then theſe 
points may be joined by a ſteady hand, which may be aftiſted by a mould 
or pattern, of which the artiſt ſhould be provided with a variety of diffe- 
rent ſorts made of pear-tree, box, or ſome other wood proper for that 
purpoſe, Now if one that is not very well acquainted with drawing, 
ſhould attempt to join theſe points without ſome ſuch aſſiſtance, he would 
make rather a polygon, conſiſting of ſeveral very obtuſe angles, than a 
curve; whereas a mould that will juſt touch three, four, or more of 
the points, will cut off all theſe angles and irregularities, by which means 
the curve will be clear of all breaches, or ſudden turnings and deviations 
and this is what is called a fair curve. From this deſcription of it, we 
may plainly ſee that, if there be only three points of the curve given, 
there may be ſeveral curves drawn thro' them, and all very fair. 

In forming an ellipſis, if the tranſterſe and conjugate diameters be 
given, we may with certainty, find any number of points, thro' which 
the curve mult paſs. But the curves that are formed by the ſeveral ſec- 
tions of a ſhip, are very irregular; and as they have no properties pecu- 
liar to themſelves, except that of being fair, there can be no invariable 
rule for deſcribing them, We ſhall therefore attempt to do it by ſector 

lines 
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lines taken from an approved body. This will undoubtedly form lines 
ſimilar to the original; and the ſector is ſo contrived, that it will form 
very fair lines quite different from the original. It is preſumed this will 
be very uſeful to thoſe that are not well acquainted with drawing, for 
whoſe uſe it is chiefly intended. However, before we deſcribe it, we 
ſhall ſhew the methods generally uſed to regulate the form of all the 
curves that are neceſſary in drawing of ſhips ; and in the firſt place ſhall 
explain their names in the following definitions. We ſhall make uſe of 
three planes, as deſcribed in the preceding chapter, but give them diffe- 
rent names. 


FTW TTTHOWTYT 


1. The ſheer plane is the ſame with that of elcyation, and is a ſection 


— 


which the whole frame is erected: The upper 1c of the keel is in this 
lane. 

c 3. The body is the ſame with the profile. It is a ſection, ſuppoſed to 
cut the ſhip thro' the broadeſt place, and is perpendicular to the ſheer 
and floor planes, 

4. Water lines are ſuppoſed to be drawn on the ſurface of a ſhip, by 
the upper part of the water into which ſhe ſwims, and are formed by 
the ſection of a plane cutting the whole body lengthways, perpendicular 


to the ſheer plane, where they will always be repreſented by ſtrait lines; 


and if theſe are parallel to the keel, they will be repreſented by ſtrait lines 
on the body plane, called level lines. But theſe planes will be limited 
by curve lines on the floor plane, which in ſome caſes will be inverted at 
the after end, and alfo at the fore end ; but this laſt is avoided as much as 
poſſible. Theſe curves limit the breadth of the ſhip at certain heighths, 
expreſſed by lines drawn on the ſheer plane for that purpoſe. But as the 


{ſheer plane cuts the ſhip exactly in two equal and fimilar parts, only one 


half of theſe ſections are laid down; ſo that one ſide will always be re- 
preſented by a {trait line. 

5. The heighths of the breadth lines are deſcribed on the ſheer plane, 
to determine the heighths at which the half breadth of the planes of the 
timbers are to be ſet off; in which reſpect, the water lincs on the ſheer 
Plane may be called the heighths of the breadth lines. But becauſe the 
extreme breadth of the plane of each timber riſes gradually from the 

midſhips fore and aft; the lines repreſenting their heighths will be curves. 
Such 
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Such are the main, and top timber heighths of breadth lines, which are 
the principal ones that go by that name ; but there may be as many more 
as ſhall be judged neceſſary to determine the form of all the timbers. 

6. Halt breadth lines are deſcribed on the floor plane, and are curves 
limiting the + breadths of the planes of the timbers, at the heighths ex- 


preſſed by the correſponding heighth of breadth on the ſheer plane, in 


which reſpect the water lines may be called + breadth lines; but that name 
is generally given only to ſuch whoſe heighths are expreſſed by curves on 
the ſheer plane. They are formed by ſuppoſing the ſhip to be cut length 
ways, 1n a perpendicular direction to the ſheer plane, thro' a curve heighth 
of breadth line. This will form an uneven ſurface ; fo the true length of 
it is not repreſented on the floor plane. 

7. Ribband lines are either ſquare or canted. : 

'The ſquare which is often called the horizontal ribband line, is in all re- 
ſpects the ſame with the above deſcribed + breadth lines: The uſe of the 
ribband lines, is to faſten the timbers before the plank is brought on; for 
which purpoſe, they muſt be of a ſufficient ſubſtance, and formed in ſuch 
a manner, that they may fit the timbers without forcing or penning them. 
It would be very difficult to make a ſquare one, becauſe it rounds two 
ways; for when the ſhip is cut upon a level by this ribband, the ſurface pro- 
duced, will be an uneven one. Upon this account, a plane muſt be ſo in- 
clined to the ſheer plane, that it ſhall interſect the timbers at the ſame 
points with the ſquare ribband, | : 

The cant or diagonal ribband, ſo called, becauſe it cuts the body plane 
in a diagonal, is formed by a plane inclined to the ſheer plane; and cut- 
ting the ſhip length ways in that direction, in ſuch a manner, that it will 
interſe& the timbers in the ſame points that the ſquare ribband does. It 
will interſect the ſheer plane in a ſtrait line parallel to the keel, at the 
ſame heighth at the ſtem and poſt, with that of the ſquare ribband. Its 
repreſentation on the floor plane, will be the ſame as that of the ſquare 
ribband. But becauſe the plane of it is not parallel to the floor plane; 
this will not be the true breadth of it. This may be found by Prob. 3. 
of the preceding chapter, by which means we ſhall obtain the exact length 
and breadth of it; and being a plane, it will only round one way, and 
ſo a ribband may eaſily be made by it. 

8. Sweeps, are arches of circles, deſcribed in the body plane to form 
the timbers, and are generally four. 9 

II. The floor ſweep, which is limited by a line drawn in the body 
plane, perpendicular to the middle line, a little above the keel. The di- 
ſtance of this line above the keel at the mid{hip timber, is called the dead 


riſing; the upper part of this arch forms the head of the floor timber. 
| „ 2d. The 


\ 
. 
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2d. The under breadth ſweep; the center of which is in the line that 
repreſents the heighth of the extreme breadth of the timber. If there is 
a part of the timber ſtrait, the center of the ſweep will be in the lower 
line. From this center extend to the point that limits the + breadth of the 
timber in the fame line, and with that radius deſcribe a circle down« 
wards, till it comes near to the floor ſweep. 

34. The reconciling ſweep, which joins the two former in ſuch a man- 
ner as to interſe& neither ; by which means we ſhall have a fair curve 
from the heighth of the breadth to the riſing line: And if a ſtrait line 
is drawn from the fide of the keel at the upper edge, to touch the back 
of the floor ſweep, we ſhall have the form of the midſhip timber below 


the breadth. 


4th. The upper breadth ſweep ; the center of which is in the line that 
repreſents the extreme upper heighth of the breadth of the timber; from 
which a circle muft be deſcribed to paſs thro' the point that limits the 
2 breadth of the timber in the ſame line, and produced upwards diſcre- 
tionally to form the top timber. To theſe four ſome add a fifth, to form 
the hollow of the top timber; but this is generally done by a mould fs 
placed as juſt to touch the above breadth ſweep, and paſs thro” the point 
that limits the + breadth of the top timber : So that now the form of the 
midſhip timber is determined from the keel to the top of the ſide. The 
radius of the underneath ſweep decreaſes, the farther the timber is from the 
midſhips; but the other ſweeps have generally the ſame radius for all 
the timbers. There is no certain rule to determine the radi of theſe 
ſweeps. Some do it by proportioning them to the extreme breadth of the 
ſhip, according to ſome given ratio, But there are various ways of form- 
ing this midſhip timber; ſometimes by two arches, and inſtead of hav- 
ing a ſtrait line from the edge of the keel to touch the back of the floor 
ſweep in ſome ſhips it is made a hollow. | 

9. Half breadth of the floor is the diſtance of the center of the floor 
ſweep from the middle line in the body plane, at the midſhip timber, 
which will always be leſs than the diſtance betwixt the point where the 
ſtrait line drawn- from the fide of the keel to touch the back of the floor 
{weep is from the middle line. This laſt may be called the true + breadth 
of the floor, and in ſharp ſhips will be above the riſing line. 

10. Riſing of the floor, is a curve drawn on the ſheer plane, limited 
at the midſliips by the dead riſing; and in flat ſhips it-runs nearly paral- 
lel to the keel for ſome timbers before and abaft. the midſhip, for which 
reaſon theſe timbers are called flats; but in ſharp ſhips it riſes gradually 
irom the midſhip till it ends on the ſtem and poſt. To this line is ſome- 

| times 


Srer. IT. of WHOLE MOULDING. 123 


times adapted an : breadth of the floor line. The uſe of theſe two lines is 
to find the centers of the floor ſweeps. 

11. Cutting down line, is drawn on the ſheer plane. It is limited in the 
midſhips by the thickneſs of the floor timber, and abaft by the breadth 
of the kelſon; for it mult be carried fo high abaft as to leave room for the 
kelſon, for which purpoſe the thickneſs of the timbers muſt be known. 
It mult be carried up fo high upon the ſtem as to leave ſufficient ſubſtance 

for the breeches of the riſing timbers. The lower edge of the kel{on is 
in this line; ſo it limits the thickneſs of all the floor timbers, and like wiſe 
the heighth of the dead wood afore and abaft. 

12. Timber and room, or room and ſpace, is the diſtance betwixt the 
moulding edges.of two timbers, which muſt always contain the breadth 
of two timbers, and ſometimes two or three inches between them. It 
mult be obſerved, that one mould ſerves for two timbers; the foreſide of 
the one being ſuppoſed to unite with the aftſide of the other, and ſo make 
only one line, which is actually the caſe in all the frames, which in ſome 
ſhips are every third, in others every fourth timber. The frames are firſt 
put up, and faſtened to the ribbands, and afterwards the -others are put 
up, which are called filling timbers. The midſhip timber is called dead- 
flat, and diſtinguiſhed by this character Q; the timbers abaft the midſhip 
are diſtinguiſhed by the figures 1, 2, 3, &c. and thoſe before the midſhip 
by the letters of the alphabet A, B, 8 Sc. 


. 
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HE length of the keel, extreme breadth, depth in the hold, heighth 
between decks, and in the waſte ; and ſometimes the heighth and 
breadth of the wing tranſom are agreed on by contract in the merchant's 
ſervice: From which dimenſions the builder is to form a draught ſuita- 
ble to the trade the ſhip is deſigned for. 
The firſt thing that is generally done, is to lay down the keel, ſtem 
and poſt, upon the ſheer planes: Then to determine the proper ſtati- 
on of the midſhip timber, where a perpendicular is erected : It is gener- 


ally about 5 of the keel before the poſt. On this line the given depth of 

the hold is ſet off from the upper ſide of the keel ; to obtain which point, 

the thickneſs\of the timber and plank muſt be added to that agreed on 
8 by 
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by contract. This being fixed, will enable us to determine the upper 
heighth of the extreme breadth at that place, which ſometimes is the 
very point itſelf, The lower heighth of the breadth muſt likewiſe be de- 
terinined at this place, Then we may form the two main heighths of the 
breadth lines which nearly unite abaft and afore. Abaft, theſe curves end 
at the wing tranſom, or above it; and afore, they are carried up ſome- 
times as high as the hawſe holes. The heighth of the breadth line of 
the top timber muſt likewiſe be formed. This is generally done by a 
bow, which makes nearly an arch of a circle. It is limited in midſhips 
by contract, afore and abaft only by the fancy and judgment of the artiſt, 
according to what ſheer he deſigns: We muſt alſo form a line for the riſ- 
ing of the floor; for which purpoſe we muſt determine the dead riſing, 
which is that of the midſhip timber. This limits it at that place, and in 
the whole moulding it 1s pretty near parallel to the lower heighth of the 
breadth line. Theſe lines muſt abſolutely be drawn on the ſheer plane; 
and correſponding to the main and top timber heighth of breadth lines; 
there muſt be two half breadth lines formed on the floor plane. 

The main halt breadth at the midſhip timber is agreed on by con- 
tract, only obſerving that the thickneſs of the timber and plank muſt 
be deducted out of it, becauſe it is the extreme breadth from outſide to 
outſide of the plank that is contracted for. Thoſe in the draughts are 
called moulded half breadths: Then the breadth at the wing tranſom, 
if a ſquare ſtern, 1s limited : It is generally about two thirds of the ex- 
treme breadth, but this is juſt as the artiſt ſhall think proper. He alſo 
fixes the breadth of the top timber, and then deſcribes the two half breadth 
lines, In the due formation of theſe curves on the ſheer and floor plane, 
the whole art of drawing chiefly conſiſts; which muſt be acquired by 
practice, ſo that it will be ſcarce poſſible for one that is not very well ac- 
quainted with drawing, to form them, without having recourſe to ſome 
other draughts, After theſe are formed, the ſtations of the timbers are 
fixed, if the room and ſpace, and the breadth of the midſhip timber is 
agreed on by contract, this will determine the ſtation of all the 'tim- 
bers; obſerving that the timbers abaft the midſhips muſt be ſet off from 
the foreſide of the midſhip timber; and the timbers before the midſhip 
irom the aft ſide of it. At every third or fourth timber there muſt be per- 
pendiculars drawn on the ſheer and floor planes, tothe line that repreſents 
the lower edge of the keel, which is the common ſection of theſe two 

planes; tho' ſometimes the half breadth lines are deſcribed on the ſheer 
plane, when there is not ſpace to produce the perpendiculars till they be 
of ſuAcient length to contain the heighth of the breadth and half breadth, 


After 
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After the timbers are ſtationed, and the perpendiculars for the frames 
drawn on the ſheer and floor planes; we proceed to the body plane, 
and draw a line equal in length to the whole breadth moulded. This 
line may be called the baſe of the body plane. A perpendicular is 
erected at each end of it, and one in the middle, which may be pro- 
duced at pleaſure. The next thing to be done, is to form the midſhip 
frame: The limits of it are had from the ſheer and floor planes; the 
lower, upper and top timber heighths of the breadth are taken from 
the ſheer plane at the perpendicular, repreſenting the midſhip frame, 
and ſet off on the middle line of the body plane from the baſe. Thro' 
theſe points, lines are drawn parallel to the baſe, and the reſpective half 
breadths correſponding to each, are ſet off on theſe lines, from the middle 
line in the body plane. The lower and upper main half breadths are li- 
mited by the perpendiculars already drawn at each end of the baſe. The 
half breadth of the top timber, 1s had from the floor plane on the per- 
pendiculars repreſenting the midſhip frame. 'The heighth of the dead 
riſing is likewiſe taken from the ſheer plane, and ſet up from the baſe 
upon the middle line in the body plane, thro' which point a line parallel 
to the baſe muſt be drawn; and upon this line the halt breadth of the 
floor, 1s ſet off from the middle line, at which point a perpendicular is e- 
rected. The center of the floor ſweep i is in this line, from which a circle 
mult be deſcribed that ſhall juſt touch the riſing line. A proper radius for 
the under breadth ſweep is next to be found: The center of it is in the low- 
er breadth line, from which it is deſcribed to paſs thro' the point which 
limits the half breadth. After which the radius, and center of a recon- 
cileing ſweep to join the floor, and under breadth ſweeps is fund, and 
the circle deſcribed; and to compleat the frame below the breadth, the 
half breadth of the keel is ſet off from the middle line on the baſe; from 
which point, a {trait line is drawn to touch the back of the floor ſv cep. 
By this way of forming the frame, it is plain the centers and radii of 
the ſweeps are arbitrary, but they muſt be determined before any of the o- 
ther timbers can be formed ; if by no other means, by repeated trials, till 
they are made to pleaſe the fancy and judgment of the artiſt, But there 
are various other ways of forming this frame; ſo that, tho' ſeveral ſhips 
may be of the ſame breadth, depth in the hold, and dead riſing; they 
may all differ in the form of their timbers. After this midſhip timber is 
formed, a pattern or mould is made to fit exactly to the curve, and the 
dead riſing line. By this, and a hollow mould, all the timbers are form- 
ed ſo far as the riſing line, and lower heighth of the breadth line arc pa- 


rallel to one another in the ſheer plane: This is what is called u hole 


mould- 


oi 
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being formed, we may ſet off from the fore part of it as much as the line 
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moulding, which we ſhall illuſtrate by laying down a long boat. And be- 
cauſe in ſeveral mould lofts there is not ſufficient length for the ſheer plane, 
i: is often laid down as if it were cut by the midſhip frame, and one part 
laid upon the other in ſuch a manner, that the midſhip timber of the 
after part ſhall coincide with a perpendicular Jet fail from the fore part 
of the ſtem. 


To lay dtn a Long-Boat 29 Feet 1 Inch long, and Breaath Moulded 9 
Feet, (See Plate 5.) 


1/7. Draw the ſtrait line P, and cre& the perpendicular PT. From 
the point P ſet off 29-1, the given length of the keel. But becauſe the 
plate will not admit of the whole length, let the ſtation of the midſhip 
timber be aſſigned; at which point erect the perpendicular S M. Let 
M be the upper, and N the lower heighth of breadth, at that place; T 
the heighth of breadth at the tranſom, and draw the curve T M to repre- 
{ent the ſheer, or extreme heighth of the fide. This in a ſhip would be 


called either the upper heighth of breadth line, or the upper edge of the 


wale. Draw alſo a curve thro' the point N, parallel to T M, to repre- 
ſent the breadth of the upper ſtrake in a boat, or lower edge of the wale, 
if in a ſhip, The dotted line T N may alſo be drawn to repreſent the 
lower heighth of breadth. 

2d. Set off the rake of the poſt from P to p, and draw the line p to 
repreſent the aft fide of the poſt; fo ſhall T 7 repreſent the round up of 
the tranſom. Set off the breadth of the poſt from p tor, and from T to 
s, and draw the line s to repreſent the fore ſide of the poſt, which may 
either be a curve or a ſtrait line at pleaſure. Set up the heighth of the 
tuck from pto . Let & x be the thickneſs of the tranſom, and draw the 
line Z x to repreſent the fore ſide of the tranſom. -- | 

zd. Set up the dead riſing from & to d, and form the riſing line 77 s. 
We may then draw the line K L parallel to P, to repreſent the lower 
edge of the keel, and another to repreſent the thickneſs of the plank or 
the rabit. The rabit on the poſt may likewiſe be repreſented, and the 
{tations of the timbers aſſigned; diſtinguiſhed in the plate by their pro- 
per names, vig. Q, O, 1, 2, 3, 4, 5, 6, 7, 8, 9. 

Thus have we compleated the ſheer plane, or fide draught for the af- 
ter body; and in like manner is that for the fore body to be done. Firſt 
produce the line S M to y the heighth of the fore part of the ſtem, and 
form the ſtem either by ſweeps or ſome other contrivance. The breadth 
of the ſtem muſt be known, and the aft ſide likewiſe formed. The ſtem 


P 
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P @ wanted of the whole length of the boat, which ſuppoſe © M. Erect 
the perpendicular © F, and make it equal to S M, the heighth of the 
ſheer, and form the curve F S, which will repreſent the ſheer or heighth 
of the ſide in the fore body, We may likewiſe draw a line to repreſent 
the lower part of the upper ſtrake, and one for the lower heighth of the 
breadth. The riſing line muſt alſo be formed, and the timbers ſtationed 
and diſtinguiſhed by their proper names , O, A,B, C, D, E, F, G, H. 
Now the whole ſheer plane is compleated; for if the line 8 T was drawn 
aſunder, till the point F came to the point M, we ſhould have the whole 
length of the boat. 

The next thing to be done is to form the half breadth line; for which 
purpoſe the perpendiculars T P, 9, 8, Cc. muſt be produced. Then, 
trom the point where the perpendicular ©-M interſects the line K L, ſet 
off ꝙ feet, the half breadth: Set off alſo the half breadth at the tranſom, 
from the line K L, and form the half breadth line B 5, In like manner 
ſet off the half breadth, from the point where the perpendicular F in- 
terſects the line K L, and form the half breadth line RX, according to 
the deſigned round of the harpin. ö 

We may now proceed to form the timbers in the body plane: Where, 
tet A B be the breadth moulded at S. Erect the perpendicular C D in the 
middle of the line AB; and parallel to C D draw the lines 2h, the half 
thickneſs of the poſt, and x y the half thickneſs of the ſtem; Then take 
off the ſeveral portions of the perpendiculars S; 1, 2, Cc. intercepted be- 
twixt the upper edge of the keel, and the riſing line in the ſheer plane; 
and ſet them up from C upon the line C D. Thro' theſe points draw: 
lines parallel to A C; take off alſo the ſeveral lower heighths of breadth 
at S, 1, 2, &c. from the ſheer plane; ſet them alſo up from C upon the 
middle line in the body plane, and draw lines parallel to A. C thro' theſe: 
points: Then take off the ſeveral. half breadths corre{ponding to each, 
from the floor plane; and ſet them off on their proper half breadth lines, 
from the middle line in the body plane. 

We muſt in the next place form the midſhip timber, either by two, 
or three ſweeps, or ſome other contrivance which mult be left entirely to- 
the fancy and judgment of the artiſt :» If he uſes three ſweeps, a proper” 
center of each muſt be found. Fhat of the under breadth. muſt always 
be in the breadth line, as in this caſe at a, The center of the floor ſw2ep,.. 
ſuppoſe at C, mult be fo, that when it is deſcribed, the back of the ſweep- 
may juſt touch the riſing line. Theſe two centers being found, and the- 
arChes deſcribed, we may with certainty find the center of the reconeil-- 
ing ſweep, provided the radius be known, thus: Set off the given radi- 

13. 
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us upon any ſtrait line, as from A upon the baſe line to R; then take the 
radius of the lower breadth ſweep, which ſet off from A to a; take al- 
o the radius of the floor ſweep, and ſet off from A to c: Then with the 
radius a R, from the center of the under breadth ſweep, deſcribe an arch; 
and with the radius c R, from the center of the floor ſweep, deſcribe a- 
mother arch to interſect the former in r, which will be the center of the 
reconciling ſweep: For if with the radius A R, from the center 7, we 
Geſcribe an arch, it will juſt touch the under breadth, and floor ſweeps 
in the points F and s. A line drawn from 7 to t will paſs through the 
center of the underbreadth ſweep, and a line drawn from tos will paſs 
through the center of the floor ſweep; ſo that it will be impoſlible for 
the reconciling to interſect either of the other two arches. The curve 
part of the timber being formed, a ſtrait line muſt be drawn from the 
ide of the keel to touch the back of the floor ſweep ; ſor which purpoſe 
the half breadch of the keel muſt be ſet off on each ſide of the point C, 
upon the baſe line, The form of the midſhip frame being determined, 
will in ſome meaſure determine the form of all the reſt. For if a mould 
be made on any tide of the middle line to fit the curve part of it; and 
thecrifing line, as that marked BE ND, and laid in ſuch a manner that 
the lower part of it, which is ſtrait, may be ſet upon the ſeveral riſ- 
ling lines, and the upper part juſt touch the point of the half breadth 
in the breadth line, correſponding to that riſing upon which the mould 
is placed; a curve may then be drawn by the mould to the riſing line. 
In this manner we may proceed fo far as the riſing line is parallel to the 
lower hcighth of the breadth line. Then a hollow mould muſt be made, 
the upper end of which is left ſtrait, as that marked H / ww, This is ap- 
plied in ſuch a manner, that ſome part of the hollow may touch the fide 
of the keel, and the ſtrait part touch the back of the curve before de ſcrib- 
ed by the bend mould; and, beginning abaft, the ſtrait part will always 
come lower on every timber till we come to the midſhip timber, where 
it comes to the ſide of the keel. Having thus formed the timbers, ſo far 
as the whole moulding will ſerve; the timbers abaft them are next form- 
ed. Their half breadths are determined by the ſheer and floor planes, 
which is the only fixed point thro' which the curve of theſe timbers muſt 
paſs, Some form theſe after timbers before the whole is moulded, and 
then make the hollow mould, which will be ſtraiter than the hollow of 
either of theſe timbers. . It is indifferent which are firſt formed, or what 
methods are uſed ; for after the timbers are all formed, tho' every timber 
may appear very fair, when conſidered by itſelf, it is uncertain, what the 
form of the ſide will be, In order to find which, we muſt form ſeveral bar 
ban 


Srcr. II, Of F HOLE MOULDING. 139 


band and water lines; and if theſe do not make fair curves, they muſt be 
rectified, and the timbers formed from theſe ribband and water lines. In 
uſing the hollow mould, when it is applied to the curve of each timber, 
if the ſtrait part is produced to the middle line, we ſhall have as many 

oints of interſection as there are timbers: And if their heighths above 
the baſe be transferred to the correſponding timbers in the ſheer plane, a 
curve paſſing thro' theſe points is what is called a riſing ſtrait, This may 
be formed by fixing a point for the aftermoſt timber that is whole mould- 
ed, and transferring that heighth to the ſheer plane, The curve muſt 
paſs thro' this point, and fall in with the riſing line, fomewhere abaft 
D: And if the ſeveral heighths of this line be transferred from the ſheer, 
to the middle line in the body plane; theſe points will regulate what is 
called the hawling down of the hollow mould. The timbers being thus 
formed, and proved by ribband and water lines; we may then form the 
tranſom. This may be done either by ribband or water lines. Here it 
is by water lines, of which there are three, formed in the following 
manner. (Plate p.) 

1/7. Draw three lines in the body plane parallel to the baſe: Theſe 
are called level lines, and may be equally ſpaced betwixt the tuck, and 
heighth of the ſheer, taken upon a perpendicular to the kecl. They 
may be likewiſe drawn on the ſheer plane at the ſame heighths, ſo they 
will be parallel to the keel. They are diſtinguiſhed by 1/7. 2d. and. 3d. W. 
 2dly. To form them on the floor plane. Take the diſtance betwixt 
the middle line in the body plane, and the ſeveral interſections of the le- 
vel lines with the timbers: Transfer theſe to the correſponding timbers 
in the floor plane, which will give the points thro' which the curves will 
paſs: So the portion of the firſt level line in the body plane, intercepted 
betwixt the middle line and timber q, will be equal to the diſtance taken 
upon the perpendicular in the floor plane, drawn from the point , to in- 
terſect the curve of the firſt water line. The like may be ſaid of all the 
reſt. 360 

The water lines being thus ſormed ; the next thing to be determined, 
is the round aft of the tranſom, if any; if none, produce the line T þp 
to &, then will K þ be the half breadth of the tranſom at the heighth of 
the ſheer: So the heighth P I in the ſheer plane, muſt be transferred to the 
middle line in the body plane. Thro' this pro a line K &, muſt be drawn 
parallel to the baſe A C, upon which the half breadth K & being ſet off, 
we ſhall have one point thro' which the curve muſt paſs. In like man- 
ner there muſt be perpendiculars let fall from the ſeveral interſections of 


the water lines, and aft fide of the poſt in the ſheer plane, and- . 
| | _ - | ced 
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ced to interſect their correſponding water lines in the floor plane; which 


will give their half breadths. Theſe again being transferred, to their cor- 
reſponding level lines in the body lane, we ſhall have the points through 
which the curve of the tranſom mult paſs; obſerving at the tuck to ſet 


off the half breadth of the poſt; or the depth of the rabbet may be de- 
ducted out of it. The tranſom being thus formed, it is plain it will be 


too ſhort, by reaſon of the raking of the poſt: We muſt therefore take 


the heighth of the tranſom upon the rake, which will be the line p T 
in the ſheer plane; and ſet up this on the middle line in the body plane. 
In like manner we muſt ſet up on the middle line in the body plane, the 
ſeveral diſtances of the water lines, from the point p in the ſheer plane; 
and thro? theſe points draw the ſeveral dotted lines, upon which muſt be 
ſet off the half breadths as before: Then a curve paſſing thro' theſe 
points, will give the true form and dimenſions of the tranſom, as 1s ex- 
preſſed by the dotted curve. | '® fl 441 

If the tranſom is to round aft, as the curve K 2 G on the floor plane, 
it may be formed after the ſame manner without regarding the round 
and after it is properly trimmed the round may be worked out: But as 
this will require very thick plank ; in ſuch caſes it will be proper to make 
uſe of a faſhion piece, and wing tranſom : This faſhion piece will be 
formed in the ſame manner as that for a ſhip which has a ſquare tuck, 
{0 the ſame operation will ſerve for both. 

Now the faſhion pieces being always ſided ſtrait, their planes will in- 
terſect the ſheer and floor planes in a ſtrait line. In this caſe, it will be 
in the line G g on the floor plane, which touches the tranſom in the point 
n; G being ſuppoſed the thickneſs of the faſhion piece. Having thus 
determined its direction on the floor plane, this will likewiſe determine 
its direction on the ſheer plane. If the tranſom had no round, only what 
1s called a flight or rifing like a floor timber, the plane of the faſhion piece 
would interſect the ſheer plane in the rabbet of the ſtern poſt; and the 
floor plane in a ſtrait line drawn from G to K. But here it is ſuppoſed to 
be in the line G g, which will throw the head of the faſhion piece aft to 
W on the ſheer plane; the point where a perpendicular erected from g 
interſects the ſheer line or breadth line produced. Now # being the 
heighth of the tuck, the line + W will be that in which the faſhion piece 
interſects the ſheer plane. 

Having thus found the interſection of the plane of the faſhion piece, 
both on the ſheer and floor planes, it is evident-it will rake aft and cant 


forward; ſo the true dimenſions and form of it may be found by Prob. 


II. Pro- 


6, Chap. 1. in the following manner, 
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Ig. Produce all the water lines in the ſheer plane, to the line 4 W in 
the points , 5, b,; and let fall the perpendiculars à e, s o, b u. | 

24ly, From the points e, a, u, draw lines parallel to G g, to interſect 
each correſponding water line on the floor plane in the points 3, 2, 1. 

Zaly. Transfer the ſeveral points G, 3, 2, 1, on the floor plane, to the 
points G, 3, 2, 1, on the ſheer plane, in ſuch a manner, that lines drawn 
from G to G, from 3 to 3, &c. may be perpendicular to g L; and let the 
point G be in the breadth line, the point 3 in the third water line, &c. on 
the ſheer plane; ſo the plane WG 3 2 14 will be the projection of the plane 
of the faſhion piece on the ſheer plane. But it will be leſs than the plane of 
the faſhion piece, becauſe it is not parallel to the ſheer plane. Therefore, 
4thly. Thro' the points G, 3, 2, 1, in the ſheer plane, draw the dotted: 
perpendiculars G F, 3 A, 28, 1H, to the line WE. | 
5tbly. Make the lines W F, aA, 38, 5 H, in the ſheer plane, equal 
to the lines g G, e 3, 02, 41, in the floor plane; fo that they may inter- 
ſe& the dotted perpendiculars in the points F, A, S and H: So ſhall 
WFASH & be the true form and dimenſions of the plane of the aft 
ſide of the faſhion piece, When it is in its proper poſition, the line 
WF will be in the ſame plane with the ſheer line; the line @ A in the 
ſame plane with the water line @ 3; the line-s S in the fame plane with, 
the water line 52; and the line 5 H in the fame plane with: the water 
line þ 1, | 

We have now formed all the timbers in the after body. Thoſe for 
the fore body are formed in the fame manner, by transferring the ſeveral 
heighths of the riſing and breadth lines from the ſheer to the body plane; 
the half breadths correſponding to each heighth, muſt alſo be transferred. 
from the floor to the body plane. The ſame hollow mould will ſerve: 
both for the fore and after body; and the level lines by which the water 
lines, to prove the after body, were formed, may be produced into the 
fore body, and by them the water lines to. prove the fore body may be de- 
{cribed. | 

Another method of proving the body, is by ribband lines, which are: 
formed by ſections of planes inclined: to the ſheer plane, and interſecting 
the body plane diagonally, as before obſerved ; of which there may be 
as many as we ſhall judge needful. 

Here we think it ſufficient to lay down one, repreſented in the body 
plane by the lines marked dia. Theſe are drawn in ſuch a manner, as to 
be perpendicular to as many timbers as conveniently may be. After 
they are drawn in the body plane, the ſeveral portions of the diagonal, 
intercepted betwixt the middle K and each timber, muſt be transferred 

2. tO) 
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to the floor plane: Thus, fix one foot of the compaſſes in the point where 
the diagonal interſects the middle line in the body plane; extend the o- 
ther foot to the point where the diagonal interſects the timber, ſuppoſe 
timber 9g; ſet off the ſame extent upon the perpendicular repreſenting the 
plane of timber 9, from the point where it interſects the line K L, on 
the floor plane; do the ſame by all the other timbers both in the fore 
and after body; and we ſhall have the points thro' which the curve muſt 
paſs. And if this ſhould not prove a fair curve, it muſt be altered, ob- 
ſerving to conform to the points as nearly as the nature of the curve will 
admit: So it may be carried within one point, and without another, ac- 
cording as we find the timbers will allow : For after all the ribband lines 
are formed, the timbers muſt, it needful, be altered by the ribband lines, 
this is only the reverſe of forming the ribband lines; for taking the 
portions of the ſeveral perpendiculars intercepted betwixt the line K L, 
and the curve of the ribband line in the floor plane, and ſetting them off 


upon the diagonal, from the point where it interſects the middle line 


we ſhall have the points in the diagonal, thro' which the curves of the 
timbers muſt paſs: So the diſtance betwixt the line K L, and the ribband 
at timber 3 on the floor plane, when transferred to the body plane, will 
extend on the diagonal, from the middle line, to the point where the 
curve of timber 3 interſects that diagonal. The like may be ſaid of all 
the other timbers; and if ſeveral ribband lines be formed, they may be 
ſo contrived, that their diagonals in the body plane ſhall be at ſuch di- 
ſtances, that a point for every timber being given in each diagonal, will 
be ſufficient to determine the form of all the timbers. 

In ſtationing the timbers upon the keel, for a boat, there muſt be room 
for two futtocks in the ſpace before, or abaft Q; for which reaſon, the 
diſtance betwixt thoſe two timbers will be as much more, than that be- 
twixt the other, as the timber is broad. Here it is betwixt & and ; 
which contains the diſtance betwixt Q and (D, and the breadth of the 
timber beſides. 

This method of whole moulding will not anſwer for the long timbers 
afore and abaft: They are generally canted in the ſame manner as thoſe 
for a ſhip, of which we ſhall treat in their proper place; and here ſhew 
in what manner the timbers are moulded after they are id down in the 
mould loft, by a riſing ſquare, bend, and hollow mould. 

It was ſhewn before how to form the timbers by the bend and hollow 


- moulds, on the draught. The ſame method muſt be uſed in the loft, 


but the moulds muſt be made to their proper ſcantlings in real -feet and 
inches. Now when they are ſet, as before directed, for moulding each 
7 8 timber, 
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timber; let the middle line in the body plane be drawn acroſs the bend 
mould, and draw a line acroſs the hollow mould at the point where it 
touches the upper edge of the keel; and let them be marked with the pro- 
per name of the timber, as in the figure (Pate 5.): So the graduations of 
the bend mould will be exactly the ſame as the narrowing of the breadth ; 
for the diſtance betwixt Q and 7, on the bend mould, is equal to the 
difference betwixt the half breadth of timber 7, and that of S. The 
heighth of the head of cach timber is likewiſe marked on the bend mould, 
and alſo the floor and breadth firmarks. The floor firmark is in that point 
where a ſtrait edged batten touches the back of the bend mould, the 
batten being ſo placed as to touch the lower edge of the keel at the fame 
time. The ſeveral riſings of the floor, and heighth of the cutting down 
line, are marked on the riſing ſquare, and the half breadth of the Keel 
ſet off from the ſide of it, as in the figure. 

Note. The cutting down is omitted in the plate to aveid confuſion. 
The moulds being thus prepared, let it be required by them to mould 

timber 7. 

The timber being firſt properly ſided to its breadth, lay. the bend mould 
upon it, ſo as may beſt anſwer the round according to the grain. of the 
wood : Then lay the riſing ſquare to the bottom of the bend mould, fo 
that the line drawn acroſs the bend mould at timber 7, may coincide 
with the line repreſenting the middle of the keel upon the riſing ſquare ; 
and draw a line upon the timber by the fide of the ſquare, or let the line 
be ſcored, or cut by a tool made for that purpoſe, called a raſeing knife. 
The term raſeing is uſed when any line is drawn by ſuch an inſtrument in- 
ſtead of a pencil. This line ſo raſed will be the fide of the keel. Then 
the ſquare muſt be moved till the fide of it comes to 7 on the bend mould, 
and another line muſt be raſed in by the fide of it, to repreſent the middle 
of the keel. The other fide of the keel muſt likewiſe be rafed after the 
ſame manner, and the point 7 on the riſing ſquare be marked on each 
ſide of the keel, and a line raſed acroſs at theſe points, to repreſent the 
upper edge of the keel. From this line the heighth of the cutting down 
line at 7 muſt be ſet up, and then the riſing ſquare may be taken away, 
and the timber may be raſed by the bend mould, both inſide and outſide, 
from the head to the floor ſirmark : Or it may be carried lower if needful. 
After the ſirmarks, and head of the timber are marked, the bend mould may 
likewiſe be taken away ; and then the hollow mould applied to the back 
of the ſweep. in ſuch a manner, that the point 7 upon it may interſe& the 
upper fide of the keel, before ſet off by the rifing ſquare: And when in 
this poſition, the timber may be raſed by it, which will compleat the on” 

ide 
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ſide of the timbers. The inſide of the timbers may likewiſe be formed by 
the hollow mould. The ſcantling at the keel is given by the cutting down 
before ſet off. The mould muſt be ſo placed, as to touch the ſweep of 
the inſide of the timber formed before by the bend mould, and paſs thro” 
the cutting down point. | 5 | 

The uſe of the firmarks, is to find the true places of the futtocks ; for 
as they are cut off 3 or 4 inches ſhort of the keel ; they muſt be fo placed, 


that the futtock and floor firmarks may compare, or coincide : Notwith-/ 


ſtanding which, if the timbers are not very carefully trimmed, the head 
of the futtock may be either within or without its proper half breadth; 
to prevent which a half breadth ſtaff is made uſe of, 

The halt breadth ſtaff may be one inch ſquare, and of any convenient 
length. Upon one fide of it are ſet off, from one end, the ſeveral half 
breadths of all the timbers in the after body ; and thoſe of the fore body 
upon the oppoſite ſide. On the other two ſides are ſet off the ſeveral 
heighths of the ſheer; the after body on one fide, and the fore body on 
its oppoſite. Two ſides of the ſtaff are marked half breadths, and the o- 
ther two ſides, heighth of the ſheer, as in the figure. (Plate 5.) | 

The ſtaff being thus prepared, and the floor timbers faſtened on the 
keel, and levelled acroſs; the futtocks muſt next be faſtened to the floor; 
but they muſt be ſet firſt to their proper half breadth and heighth : The 
half breadth ſtaff, ſerves to ſet them to the half breadth ; for which pur- 
poſe a ſmall line, called a ram line, is ſtretched from the middle line of 
the ſtem, to that of the tranſom or poſt ; to which a plummet is hung by 
a line, ſo tied round the ram line, that it may ſlip eafily along upon it, 
and may be maved to the plane of any timber, and as _—— 
will occaſion this line to be always perpendicular to the keel, which in a 
boat is generally parallel to the plane of the horizon: We may, by it, 
likewiſe ſet the timbers perpendicular to the keel, and then fet them to 
their proper half breadth by the ſtaff; and when the two firmarks coincide, 
ehe futtock will be at its proper heighth, and may be nailed to the floor 
timbers, and likewiſe to the breadth ribband; which may be ſet to the 
heighth of the ſheer by a level laid acroſs, taking the heighth of the theer 
by the ſtaff from the upper fide of the keel; by which means we ſhall 
diſcover if the ribband js exactly the heighth of the ſheer ; and if not, 
the true heighth may be ſet off by a pair of compaſſes from the level, and 
marked on the timbers, The next thing to be explained, is the conſtruc- 
tion and uſe of the bevelling board; but we ſhall firſt ſhew how to form 
the timbers by ſweeps, becauſe the ſame method for bevelling ſerves for 
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Scr. III. of forming the Body by 2 4 
S en 
Of forming the Body by Sweeßs. (Plate 7.) 


N ſhips of war the general dimenſions are eſtabliſhed by the authority 

of thoſe. appointed by the government for that purpoſe, which I have 

collected into a table, together with the principal dimenſions of ſhips for 
the merchant ſervice, to which we refer our readers. 

The ſheer and floor planes are laid down in this, exactly in the fame 
manner as in that of whole moulding, We may have a ſufficient number 
of points from the tables, to determine the heighths of the breadth, and 
half breadth lines. A riſing of the floor line muſt likewiſe be formed on 
the ſheer draught. We may then go to the body plane, and form the mid- 
ſhip bend or frame timber ; the limits of which, we have from the ſheer 
and floor planes, and it muſt be formed in the fame manner as before di- 
rected in whole moulding, either by two, three, or more ſweeps, as the 
artiſt ſhall think moſt ſuitable to the ſervice the ſhip is deſigned for. The 
lower, upper, and top timber heighths of breadth, and rifings of the floor, 
are ſet up on the middle line in the body plane, as in whole moulding, 
and lines drawn thro” theſe points parallel to the baſe upon which the half 
breadths are ſet off. A mould may then be made for the midſhip frame 
as before, and laid upon the ſeveral riſings in the ſame manner as in whole 
moulding, with this difference ; that here. an under breadth ſweep is de- 
{cribed to paſs thro' the point which limits the half breadth of the timber; 
the center of which will be in the breadth line of that timber. The pro. 
per centers for all the frames being found, and the arches deſcribed, the 
bend mould muſt be ſo placed on the riſing line of the floot, that the 
back of it may touch the back of the under breadth ſweep. But the ge- 
neral practice is to deſcribe all the floor ſweeps with compaſles as well as 
the under breadth ſweeps, and to reconcile theſe two by a mould which 
is an arch of a circle; its radius being the ſame with that of the recon- 
ciling ſweep, by which the midſhip frame was formed. It 1s uſual for 
all the floor ſweeps to be of one radius; and in order to find their centers, 
a line is formed on the floor plane for the half breadth of the floor : This, 
as was before obſerved, is only an imaginary one; for it cannot be de- 
{cribed on the ſurface of the ſhip : Inſtead of it ſome make uſe of a dia- 
gonal in the body plane, to limit the half breadth of the floor upon e- 
very riſing line, and erect perpendiculars at the ſeveral interſections 4 
04 t 
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the ſame manner as for the midſhip frame, as in the draught; where it 
is very plain the floor ſweep conſtitutes no part of the after timbers abaft 
the ſquare body. | 
After the ſweeps are all deſcribed, we muſt have recourſe to moulds, 

or ſome ſuch contrivance, to form the hollow of the timbers, much in 
the ſame manner, as in whole moulding ; and when we have thus formed 
all the timbers, they muſt be proved by ribband and water lines, as be- 
fore directed; and altered, if needful, to make theſe lines fair. Hence 
it is obvious, that the form of the ribband lines muſt be determined, be- 
fore we can with certainty have the true form of the timbers. But there 
will be a neceſſity of determining, at leaſt, the form of three timbers, 
viz, the midſhip, foremoſt and aftermoſt, before we can form a ribband 
line. Theſe will give three points, thro' which the curve of each rib- 
band muſt paſs. The points in the intermediate timbers may be found 
by forming timbers as before directed; and by repeated trials, altering 
them till they make fair ribbands; for it is by them that the whole 
ſtructure is regulated, when every frame is erected into its proper place. 
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Deſcription ad Uſe of the Sector in forming the Body. 


I E ſector has ſeven lines on each leg, meeting at the center of the 
joint, numbered I, II, III, IV, Sc. fo that every line upon one 
leg has a correſponding one upon the other leg, both divided and num- 
bered alike. The after body is upon one fide, and the fore body on the 


other, 


(Plate 6.) The Lines for the after Body are as follows. 


I. Has five diviſions, viz. O, 4, 1* dl, 8, ſt'; and marked at the end 
HB T', denoting the heighth of the wy timber breadth line at four tim- 
bers; ſt' is the ſtern timber, and 1* dl, the firſt diagonal in the body 


plane. EG ERS 
| II. Has eight diviſions, vis. < = S", 8, 4, O, and marked at 
: the end + B T., denoting the half breadth of the top timber at three tim- 
bers, LC ſignifies the lower counter, and U C, the upper counter; u 


denotes 
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denotes the heighth, and A the rake of the counters, both taken from the 
wing tranſom ; 80 is the rake of the ſtern timber, which is likewiſe taken 
from the wing tranſom at the heighth of the ſheer rail. 

III. Has eight diviſions, viz. d', u S. R 18, , 3, 5, 7,8: It is mark- 
ed at the end LH B, for the hei zhth of the lower breadth line for five 
timbers: d* is for the diſtance bes the frames, and R 1s, for the di- 
ſtance betwixt the lower breadth line, and the dead riſing in the body 
plane: u' 8. is the radius of the upper breadth ſweep. 

IV. Is in two parts, The innermoſt has four diviſions, viz. 7, 8, 3. 
S, expreſſing the points where theſe timbers interſect the ſecond diago- 
nal in the body plane: It is marked at the end 2 R for the ſecond ribband. 

The outermoſt part has fix diviſions, viz. O, 3, 5, 7, 8, W T, and 
marked at the end UHB for the heighth of the upper breadth line at five. 
timbers, and at the wing tranſom denoted by W T. 

V. Is likewiſe in two parts. The innermoſt has four diviſions, viz. 

7. 5, 3, O, expreſſing the points where theſe timbers Interſect the firſt 
diagonal : It is marked 1* R for the firſt ribband. 

The outermoſt part has eight diviſions, viz, T, 8, 7. 5, 2, ®, 2 I, 
and then marked M: B, for the main half breadth of five timbers ; T 
for that at the wing tranſom, and & I for the half breadth of the keel in 
midſhips ; without which _ is another diviſion marked 3 *d1 for the 
third diagonal. 

VI. Fas four divifions, UV1S, 7, 5. 3, S for the points where thoſe 
timbers interſect the third diagonal, it is marked 3d R, denoting the third 
ribband ; without which, there is another diviſion marked 2d dl, for 
che ſecond diagonal. 

VII. Has five diviſions, viz. 755 2B Fl, 5, 3, O. 2B P I, denotes the 
half breadth of the floor: The other. four are for the points where thoſe 
timbers interſect the fourth diagonal: It is marked 4 R, denoting: the 
fourth ribband; without which there is another diviſion for the rake of 
the poſt marked R*P. 

The heighth of the gun- deck is betwixt No IV and V. G D ꝙ for 
that in midſhips, and G D a for that at the poſt. There is likewiſe ano- 
ther diviſion betwixt Ne I and II for the fourth diagonal: It is marked 

4 dl, which muſt be doubled, becauſe the length of the ſector will 
not contain the whole. | 
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IND E X 2 the AFTER Bopy. 


—_— \. N* 


| lower III I V 
Heighth of breadth 3 upper [ IV | n: 2 IV 
* 1 timber Ir 1e VI 
riſing | . 43 VII 
C main S | C1 I 
Half breadth top timber "Pe 2 VI 
0 3 VII | Diagonals 2 v 
Counter and ſtern timber, heighth | | 4 ) betwixt I and II 
and rake | Diſtance betwixt the frames III 

Rake of the poſt VII | 

Upper breadth ſweep III | 
The Lines for the Fort Bop! are. 
d 

I. Has three diviſions, viz. H: lem, ce E denoting the heighth of 


the ſtem; and its rake from timber G at the gun-deck and head. 

IL Has four divifions, viz. d, , and theſe marked H*, T', for the 
heighth of the top timber line at theſe timbers; ; and again d, þ, for the 
2 breadth of thoſe timbers; and the line marked + B T'. 
III. Has four diviſions, vg. d“ F for diſtance betwixt the frames, and 

c, e, g; it is marked L H B, denoting the heighth of the lower breadth 
line at theſe timbers. 

IV. Is in two parts. The innermoſt has four diviſion , viz. g, e, c, O; 
for the points of interſection of theſe timbers, with the ſecond diagonal, 
is marked 2 R, for the ſecond ribband. 

The outermoſt part has three diviſion, vis. c, e, g: It is marked UH, 
denoting the heighth of the upper breadth line at theſe timbers. 

V. Is in two parts. The innermoſt has four diviſions, vix. g, e, c, S; 
for the points of interſection of theſe timbers, with the firſt diagonal It 
is marked 1* R for the firſt ribband, 

The outermoſt part has four diviſions, viz. g, e, c, Q: It is marked 
M - B* for the main half breadth at theſe timbers. 

VI. Has four diviſions, viz. g, e, c, O, for the points of interſection 
of theſe timbers with the third diagonal: It is marked 30 R for the third 
ribband. 

VII. Has four diviſions, viz. g, e, c, O, for the points of interſection 
of theſe timbers, with the fourth diagonal : It is marked 4 R, for the 
fourth ribband. The ſweep of the ſtem is betwixt Ne III and IV; and 
the heighth of the gun deck betwixt IV and V. = 

IN. 
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| 1 N D E X to the Foxx Bopy. 


Proms = 3 ves It | ry V 
Heigt.th of breadt hes | IV ds. = CY / 1 
| top timber 11 Ribbands 3 * VI 
Hal breadrh | 108 top timber 11 | Diſtance of frames NI 
Stem heighth and rake I | Sweep of the ſtem betwixt LiIandiV 


Having thus deſcribed the lines, we ſhall now ſhew their uſe in laying 
down a ſhip. (Plate 7.) 

The general dimenſions being determined, and a ſeals adapted to 
the draught, take the half breadth with a pair of compaſſes, and 
placing one foot in the proper point for the half breadth of M, which 
will be found in Nꝰ V. open the ſector till the other foot reaches to the 
fame point in the correſponding line on the other leg. 

The ſector. being thus ſet, it will be indifferent whether we begin with 
the body or ſheer plane: Let it then be the ſheer. . + 

. Draw the line X Z to repreſent the upper edge of the keel, and 
length of the gun deck; but it may be produced to the aft ſide of the 
wing tranſom, and fore part of the ſtem. 

2d. Ere& a perpendicular. to the line X Z, upon which ſet up the 

heighth of the wing tranſom to W; taken from No IV. on the ſector. 

34. Fake the rake of the poſt from No VII. on the ſector, and: ſet it 
forward from the perpendicular of the wing tranſom. to the point 7, 
where a perpendicular muft be erected, which will be the ftation of that 
timber. 

4th, Take the diftance of the frames from No HL. on the ſector, and 
fer it off from 7 to 8; and erect a perpendicular at that point for timber 
9. Draw alſo. a line from 8 to the wing tranſom, to repreſent the fore 
part of the poſt. 

«th. Take the heighth and rake of both counters, alſo the rake of the 
ſtern timber from N II. The heighth of the ſtern timber is on No FE 
and by theſe form the counters, and upright of the ſtern. 

th. Station the timbers, by taking the diſtance betwixt the perpendi- 
culars at 7 and 8; which at eight times will reach-to S; and erect per- 
pendiculars at 5, 3 and S. Then for ſtationing the timbers in the fore 


body, we muſt turn the ſector, and take the diſtance of the frames from 


No III. which, ſet eight times from O, will reach to H. Erect perpen- 
diculars at C, E, G and H; and from G ſet off the diftance of the gun- 
2 deck. 
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deck before G. It is in N® J. on the ſector; which will reach to Z; at 
which point erect a perpendicular, and ſet off the heighth of the gun- 
deck, taken from the ſector; and from the gun- deck ſet up the heighth 
of the head of the ſtem, alſo its diſtance before G; both taken from N® I. 
> We may then form the ſtem, The center of the ſweep is in the perpendi- 
cular of timber F, and the radius of the ſweep is upon the ſector betwixt 
N III and IV. which ſet up from the point F, will give the center: 80 
the ſweep will juſt touch the upper edge of the keel in the point F. And 
as the ſweep will not reach to the gun-deck, we muſt make uſe of a 
mould to break in fair with the back of the ſweep. 
7th. Set up the heighths of the lower, upper, -and top timber breadth 
Fines upon the perpendiculars erected for the ſtations of the ſeveral tim- 
bers. The-points correſponding to each, are on their proper lines on the 
{eCtor. | * 2 A 1 
Having thus finiſhed the ſheer plane, we may then go to the floor 
plane; and producing all the perpendiculars for the timbers, we may up- 
on them ſet off the main, and top timber half breadths. The points cor- 
reſponding to each, are on their proper lines upon the ſector; which 
muſt be ſet off from the line W K, reprefenting the lower ſide of the 
keel, and may be produced both ways, as far as ſhalt be needful. We 
muſt in the next place form all the ribband lines, which are the dotted 
ones in the draught ; beginning with the fourth ribband, But it will be 
more expeditious, | firſt to draw all the diagonals in the body plane. 
Let AB be the whole breadth, on the middle of which erect the per- 
pendicular K O; ſo ſhall A K, or K B, be the half breadth. Upon the 
line K O, ſet up the ſeveral heighths of the breadth lines, taken from 
the ſheer plane, and draw lines parallel to the baſe, as directed in the 
preceding ſections ; and hkewiſe ſet off the half breadths, correſponding 
to each, taken from the floor plane. We may alſo ſet off the heighth 
and half breadth of the wing tranſom ; all which may be done without 
the ſector, but we muſt have recourſe to it for the dead riſing. This 
is in N III. in the after body, and muſt be ſet off upon the line K O, 
from the lower heighth of breadth to 7. Thro' i draw the line is, pa- 
railel to the baſe, and ſet off the ; breadth of the floor from i to r, and 
from i to s: It is upon N VII. on the ſector. Then taking 7 2, ſet it up 
from 7 upon the line K O, to which point draw the dotted diagonal mark- 
ed 1* R.. This regulates all the other diagonals: For if one line be 
drawn from the point of its interſection, with the middle line, to the half 
breadth of the wing tranſom; and another from the point 7, its inter- 
ſection with the riſing line, to the point @ at the lower heighth eg 
. | breadth , 
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breadth; each of theſe may be divided into four equal parts by the dotted 
diagonals 4 N e 110i nig t © αννẽjiüt cn 
Note. The lines from the ends of the firſt diagonal to the lower heighth 
of breadth, and to the wing tranſom, were drawn only with a black lead 
pencil, and wiped out after the diagonals were drawn. The diagonals 
being thus drawn, we may form the midſhip frame, for which purpoſe 
we mult find a point in-each diagonal, thro' which the curve of the tim- 
ber muſt paſs. Theſe points we have from the ſector; which muſt be ſet 
off from the interſections of the diagonals with the line K O. That in 
the firſt diagonal is in Nꝰ I. The point in the ſecond diagonal, is in N“ 
VI. The point in the third diagonal, is in N V. And the point in the 
fourth diagonal, is betwixt N I. and II. This laſt muſt be doubled, he- 
cauſe the ſector will not contain the whole length. The midſhip frame 
being formed, we muſt in the next place form the after and foremoſt 
timber; which the ſector does, by giving the diſtance on every diagonal 
betwixt theſe timbers, and the midſhip frame now formed: So that we 
ſhall have a point in each diagonal, thro which the curve of the timber 
muſt paſs. To find the point in the firſt diagonal for the after timber; ex- 
tend from © 1 R in Nè V. to the correſponding point on the other leg. 
Set off this diſtance from @ on the firſt diagonal: Do the ſame upon the 
ſecond, third and fourth diagonals. . The point on the ſecond diagonal, is 
in Nꝰ IV. That on the third, in N VI. And that on the fourth in N“ 
VII. The curve muſt paſs thro' theſe points, and likewiſe thro' the point 
for the half breadth, which was before ſet off from the ſheer and floor 
planes; by which means we have determined the form of the after tim- 
ber; and the foremoſt timber is to be formed by the ſame method. Thefe 
two timbers being formed, we may find points in the diagonals for all the 
intermediate timbers. Thus, to find the point for timber 3 in the firſt 


diagonal; extend from the point 3 in the inner part of the line Nꝰ V. to its 


correſponding point on the other leg. Set off this in the firſt diagonal from 
the after timber, already formed; which will give the point thro' which 


timber 3 muſt paſs; and to find the point in the ſecond diagonal, we muſt 


extend from 3 in the inner part of the line Nꝰ IV. and ſet off this diſtance 
in the ſecond diagonal from the after timber. The ſame method muſt 
be uſed to find the points in the third and fourth diagonals. In like man- 
ner we may find a point in each diagonal for the timbers 5 and 7, which 
will be ſufficient for the after body: And the ſame proceſs mult be uſed 
to find points in each diagonal for the timbers in the fore body. 

Having now found the points, before we form the timbers, it may be 


proper, by them, to form the ribbands: For now we may take the * 
of 
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of each point in the diagonal, from its interſection with the middle line 
K O, and transfer it to the floor plane upon the perpendiculars that repre- 
fent the planes of the timbers, as directed in Sec. 2. In order to limit 
the ends of the ribband lines in the floor plane ; we mult ſet off half the 
thickneſs of the poſt, on one ſide of the middle line K O, and half the 
thickneſs of the ſtem on the other ſide of it, in the body plane; firſt de- 
ducting the depth of the rabbet out of it. We muſt likewiſe determine 
the inner part of the rabbet on the ſtem, and upon the poſt in the ſheer 
plane, In the ſtem, it is generally in the middle betwixt the lines that 
reprefent the outſide of the rabbet. It may be alſo 5 o on the poſt, from 
the wing to the lower tranſom ; and from thence the line may be continued 
fair to interſect the line that repreſents the after fide of the rabbet, at the 
upper edge of the keel; for there the rabbet is cut ſquare into the poſt, 

Now, it is obvious that when the plane of -any diagonal ribband is in 


its proper place and poſition, the line WK will be in the ſheer plane, pa- 


rallel to the upper fide of the keel; and its heighth will be the ſame with 
that of the point where the diagonal interſects the middle line in the bo- 
dy plane. But by reaſon of its inclination, and of the half thickneſs of 
the ſtem and poſt; the heighth of the plane of the ribband upon the poſt 
and ſtem, will be in the point where the diagonal interſects the line that 
repreſents the rabbet in the body plane. This then mult be transferred from 
the body to the ſheer plane, and ſet up from the upper edge of the keel 
upon a perpendicular that will interſect the line that repreſents the infide 


of the rabbet at that heighth. This perpendicular may be produced into 


the floor plane; and if that part of the diagonal intercepted: betwixt the 
middle line, and the line that repreſents the inſide of the rabbet, in the 
body plane, be ſet off upon the perpendicular, it will give the proper point 
for the end of the ribband line, as may be ſeen 1n the plate ; where all the 
ribbands are dotted lines, and they are marked 1* DR, 2 DR, Sc. 

Note. The ſcale in the plate is ſo ſmall, that we have taken the out- 
fide of the rabbet to limit the end of the ribband. 

The ribbands being thus formed, we may from them form all. the tim- 
bers below the breadth, 

The next thing to be done, is to form the top timbers. We have the 
heighth and half breadth of each from the ſheer and floor planes; and the 
timbers below the breadth, are carried up by a ſweep, which forms the 
lower part of the top timber. The center of this ſweep is in the upper 
heighth of the breadth line of the timber, and may be taken from the 
lector: It is on N III. after body. The midſhip top timber has gener- 
ally a hollow, which is left intirely to the artiſt ; for ſame, eſpecially 

| | fall 
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ſmall ſhips, have none. The general practice is to make a mould for 
this hollow, either by a ſweep, or ſome other contrivance, and produce 
it conſiderably above the heighth of the top timber in a ſtrait line, or 
very near one. The midſhip timber is formed by this mould, and ſo 
placed, that it breaks in fair with the back of the upper breadth ſweep. 
All the other timbers are likewiſe formed by the ſame mould; obſerving 
to place it ſo that the ſtrait part of it may be parallel to the ſtrait part of 
the midſhip timber; and moved up or down in that direction till it juſt 
touches the back of the upper breadth ſweep. Some begin at the after 
timber after the mould is made for the midſhip one, becauſe they think 
it eaſier keeping the ſtrait part of the mould parallel to this, than to the 
midſhip timber; and by this means the top ſide is kept from winding. 

Others again, make a mark upon the mould where the breadth line of 
the midſhip timber croſſes it; and with the ſame mould they form the at- 
ter timber. This will occaſion the mark that was made on the mould, 
when in midſhips, to fall below the breadth line of the after timber; and 
ſo another mark is made at the heighth of the breadth of the after tim- 
ber. The next thing to be done, is to lay the ſtrait part of the mould 
obliquely acroſs the breadth lines of the top timbers, in ſuch a manner 
that it may interſect the breadth line of the midſhip timber at one of 
theſe marks, and the breadth line of the after timber at the other mark. 
Then the ſeveral interſections of the breadth lines of the timbers, are 
marked upon the mould. The mould being thus marked, muſt be ſo 
placed in forming each timber, that the proper mark may be applied to 
its proper. breadth ; and the mould be turned about ſo as juſt to touch the 
upper breadth ſweep. Any of theſe methods may make a fair ſide; but 
it may be eaſily proved by forming another half breadth line. 


CHAP, 


CAP. III. 


d HAN N 8 U T. 1 


Of th CANT TIMBERS. 


Itherto we have conſidered the timbers, as having their planes per- 
pendicular both to the ſheer and floor planes. Theſe are called 
| 1quare timbers ; and when they are all formed, we may from them form 
| as many ribband and water lines as ſhall be neceſſary to form the cant 
| timbers; Their planes are inclined to the ſheer, but perpendicular to the 
floor planes. The reaſon of canting theſe timbers, is that they may near- 
ly be equally ſpaced at the breadth ribband: For if the poſt has a conſi- 
derable rake, and the timbers all ſquare, there will be a great ſpace at 
the breadth ribband,  betwixt timber 8 and the wing tranſom: Beſides 
E the timber may be ſo canted, that it may be ſquare to ſome of the rib- 
bands; whereas, if they were perpendicular to the ſheer plane, they would 
interſect the ribband lines fo as to form very oblique angles; which would 
| | occaſion a very great bevelling. Another advantage that attends canting 
| the timbers, is that they will not require ſuch compaſs timber. FI 
| It is uſual to begin the cant timbers from the aftermoſt floor timber; 
q and ſpace them near equally on the breadth line, to the wing tranſom : 
And in order to ſpace 8 the keel, the cant of the faſhion piece 
muſt be determined. Now if we ſuppoſe the plane of the faſhion piece 
to interſect the ſneer and floor planes in the point F, it muſt interſect the 
floor plane in the line FP, becauſe the point P is ſuppoſed to be the end 
of the wing tranſom. So the angle 5 F P will be its inclination to the ſheer 
plane. It will interſect the ſheer plane in a perpendicular erected from the 
point F; and if the ſpace betwixt the point F, and the foremoſt cant 
timber upon the keel, be divided into the ſame number of equal parts, 
that the ſpace betwixt the ſame timber, and the wing tranſom upon the 
breadth line, is divided into; this will determine the cant of all the 
timbers only by drawing lines from all points in the line WK, to the cor- 
refponding points in the breadth line, in the ſame manner as the line FP, 
determines the cant of the faſhion piece. 
It would be needleſs to draw all theſe lines in the plate; the only intent 
of drawing them being to ſhew how to form the timbers by them: And 
as one method ſerves for all the cant timbers, which are ſuppoſed perpen- 
dicular 
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dicular to the floor plane; it will be ſufficient to ſhew the formation of 


the faſhion piece, 

Before any of the cant timbers can be formed, there muſt be a ſuffici- 
ent number of water lines, or diagonal and horizontal ribband lines form- 
ed from the ſquare timbers; and when theſe are abſolutely determined, 
we may, with certainty, form all the cant timbers, either by water, or 
ribband lines. 

If we make uſe of the diagonal ribbarids, which are diſtinguiſhed by 
the dotted curves in the floor plane, we muſt form an horizontal ribband 
correſponding to each. We have only laid down one of theſe horizon- 
tals in the plate, v/z, that correſponding to the third diagonal: It is mark- 
ed *HR. To form this ribband, fix one foot of the compaſſes in the 
point where the third diagonal interſects the midſhip frame in the body 
plane; and extend the other foot to touch the middle line K O; fo that 
if a line were drawn from one foot of the compaſſes to the other, it would 
be perpendicular to the line K O: This diftance ſet off from the line 
WE, upon the perpendicular that repreſents © in the floor plane, will 


give the point thro' which the curve muſt paſs at that place. The ſame 


method muſt be uſed for finding the points on all the other timbers. 
Now, tho” the diagonal and horizontal ribbands ſeem to be quite dif- 
ferent curves in the plate, they will make but one line upon the timbers ; 
tor the one interſects them in a direction perpendicular to the ſheer plane, 
and the other is ſo inclined as to interſect the timbers in the very fame 
points, The horizontal one is too ſhort upon the plate,but the true length of 
it might eaſily be had by transferring to the ſheer plane, the ſeveral heighths 
at which the diagonal interſects the timbers in the body plane. By theſe 
we might form a heighth of breadth line to correſpond to this horizontal 


ribband, which is only a half breadth line; and the length of this heighth 


of breadth line may be taken by a penning batten, and all the timbers 
marked upon it. Now when the batten is applied to a ſtrait line, and 
all the timbers transferred to this line from the batten, we may erect per- 
pendiculars at each, and ſet off the fame half breadths as be fore; by which 
means we may have the true length of the horizontal ribband : But as 
this will be of no manner of ſervice, we ſhall omit forming it. We on- 
ly mention it, becauſe ſeveral imagine theſe two curves to be as different 
on the ſurface of the ſhip as they are upon the draught. The horizontal 


ribband correſponding to the firſt diagonal one, is formed to timber 7, and 


marked 1* HR; but the horizontals for the ſecond and fourth diagonals 

were formed by a black-lead pencil, and only the point in which they in- 

terſect the line FP, is in the plate; which is ſufficient for our purpoſe. 
X There 
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There are likewiſe five water lines formed, four of which are repre- 
ſented by level lines in the body plane; and by lines parallel to the keel 


in the ſheer plane: Three of them repreſent the planes of the tranſoms 


d 


But the plane of the third tranſom is 
perpendicular to the poſt. The lower water line is drawn parallel to the 
keel from the ſtem to the poſt, and produced into the body plane, as in 
the plate, where it is marked MN: The plane of the third tranſom in- 


terſects the timbers at different heighths, which are transferred from the 


ſheer to the body plane, where it forms a curve. 

The water lines being now drawn in the ſheer and body plane; our 
next buſineſs is to form them in the floor plane, where they will be curves. 
The points thro' which: the curve of the lower water line is to pals, are 
had by transferring the ſeveral portions of the level line, intercepted be- 
twixt the line K O, and the curve of each timber, from the body plane 
to the correſponding perpendiculars in the floor plane, where it is mark- 
ed Wat L. It mult be obſerved that the line K O, in the body plane, 
repreſents the ſeveral perpendiculars that are drawn in the ſheer plane to 
repreſent the planes of the timbers: For the ſpaces in the body plane, 
contained betwixt the line K O, and the curves of each timber, are ſo 
many different planes ; and when in their proper places, they will be pa- 
rallel to one another, if perpendicular to the ſheer and floor planes. Thus 
the plane contained betwixt the line K O, and the curve of timber M, 
is (when in its proper pl:c2) ſuppoſed to be erected perpendicular to the 
ſheer plane, in the line which repreſents the plane of @ ; and the like 
may be ſaid of all the reſt. The planes of the cant timbers will not be 
parallel to one another, becauſe they are differently inclined to the ſheer 
plane; but as they are perpendicular to the floor plane, they will inter- 
ſect the ſheer plane in a line perpendicular to the keel: So the plane of 
the faſhion piece interſects the ſheer plane in the dotted perpendicular e- 
rected from the point F, which is the ſame with the line K O, in the 
body plane, We thought it neceflary to take notice of this, becauſe ſome 
who are learning to draw, miſtake the line K O; for they imagine it on- 
ly repreſents the poft or ſtem. | 

Another error which they frequently fall into, is about forming the 
water lines when their planes are not parallel to the keel. They imagine 
that the halt breadths muſt be ſet off from the line WK, which repre- 
{ents the lower edge of the keel; whereas it is indifferent what ſtrait line 
they are ſet off from, fo the timbers be exactly ſpaced, and perpendicu- 
lars drawn to repreſent their planes. Now when the water lines are ſup- 
poſed parallel to the keel, all the timbers are properly ſpaced, and the per- 

pendicu- 
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pendiculars ready drawn to the line W K; which is the reaſon it is uſed 
in ſuch caſes: Tho' when the plane is in its true place, the line W K, 
will be in the line MN, But the caſe will be quite different when the 
water lines are not parallel to the keel; for then their planes will inter- 
ſe& the ſheer plane in a ſtrait line, forming oblique angles with the planes 
of the timbers; this is the caſe in the plane of the third tranſom. The 
diſtances betwixt the timbers will be more in this line than in the line 
W K; ſo the half breadths cannot be ſet off from the line WK, upon 
the perpendiculars that repreſent the planes of the timbers unleſs they be 
properly ſpaced at the ſame diſtance they are upon the line that repreſents 
the plane of the third tranſom in the ſheer plane; upon which account 
we have made uſe of that line to ſet off the half breadths from, and drawn 
the dotted perpendiculars at the points where it interſects the planes of 
the timbers 8, 7, and at the point where it interſects the lower heighth 
of breadth line. The heighths of the points of interſection are transfer- 
red from the ſheer to the body plane; and the half breadths at theſe 
heighths, transferred from the body plane to the dotted perpendiculars 
before drawn: The half breadth to be ſet off upon the perpendicular 
where it interſects the lower heighth of breadth line, is had from the 
floor plane, and the dotted perpendicular 4 a, will ſhew the place where 
the half breadth muſt be taken: This perpendicular, if produced, will 
interſect the plane of the third tranſom in the lower heighth of breadth. 

Having now formed four diagonal ribbands with their correſponding 
horizontals, and alſo two water lines; we may by theſe, form the faſhion 
piece, either upon the body plane or ſheer plane: But as the plane of 
the faſhion piece is parallel to neither of theſe, it will require two ope- 
rations, 

Now the line FP, will interſe& all the ribband and water lines; but 
becauſe the diagonal ribbands are not in their proper poſition, the line F P 
will not interſe& them in the point where the plane of the faſhion piece 
interſects them. The firſt thing then to be done, is to find the true place 
of the faſhion piece on each diagonal ribband : And firſt, to find its place 
upon the fourth diagonal ribband, from the point t, where the fourth ho- 
rizontal ribband interſects the line F P, let fall a perpendicular to the point 
„ and produce it to interſe& the diagonal ribband in r; ſo ſhall r be the 
true place of the faſhion piece upon that ribband ; that part of the per- 
pendicular betwixt ? and s is not drawn in the plate to avoid the confu- 
lion of too many lines. The reaſon of this will be very evident, if we 
ſuppoſe the whole plane of the ribband to be turned round upon the axis 
WK; for then the point „ will always be right over ſome- point of the 

& 3 perpen- 
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perpendicular 7 f 5; and when the ribband is in its proper inclination, a 
perpendicular from 7 will fall into the point 7, and the plane of the faſhion 
piece will interſect the floor plane in the line ? F, and the plane of the 
diagonal ribband in a ſtrait line drawn from y to F: For it muſt be ob- 
ſerved that when the ribband is in its proper place, the line W K will be 
in the ſheer plane, in a line parallel to the keel ; the heighth of which 
may be had from the body plane. In this caſe it will be the diſtance be- 
twixt K andes, but it will be needleſs to draw this line in the plate. 

Having now found the place of the faſhion piece on the fourth diagonal 
ribband, we muſt by the ſame method find its place on the other diago- 
nals, as in the plate, where lines perpendicular to W K, are drawn to the 
points 6, o, 0, in the diagonal ribbands, from the points where the line 
FP interſects the correſponding horizontal ribbands. 

Theſe points being now found, we may take the neareſt diſtance of 
each point to the line W K, and ſet off thoſe diſtances on the proper diago- 
nals in the body plane. Thus, for the fourth ribband, place one foot of the 
compaſſes in the point, and the other in the point s in the floor plane; 
and ſet off that diſtance from r to S, on the fourth diagonal ia the body 
plane: Do the ſame by all the reſt of the diagonals; and a curve inter- 


ſecing the diagonals in theſe points would be the projection of the faſhion 


piece in the body plane, but we have not drawn this in the plate; for as 
the plane of the faſhion piece is not parallel to that of the body plane, 
its projection will be leſs than the original: However this may be found 
by Prob. 6. Chap. 1. Part 2. by the following method. 

1/7, Draw a perpendicular to the line K O, in the body plane, to paſs 
thro' the point S to F. 

2d. Take the diſtance from 7 to F, in the floor plane, and ſet it off 
from 7 to F, in the body plane. In like manner draw perpendiculars to 
the line K O, in the body plane,thro' the points before found on the diago- 
nals, as in the plate, where only that part of the perpendicular is drawn 
which lies without the diagonal; and take the ſeveral diſtances betwixt 
the points o and F, in the floor plane, and ſet them off from the interſec- 
tions of their correſponding diagonals, with the line K O, to the points 
o, o, in the body plane: So we have the points o, o, F, thro' which the 
curve mult paſs, | 

34. To find the point P in the body plane, thro' which the curve muſt 
paſs. Transfer the point P in the floor plane, to the point P, in the 
ſheer plane, by a perpendicular to the line W K, to interſe& the heighth 
of breadth line in the point P; and ſet off this heighth upon the line 
K O, in the body plane, which will be a little above W, the heighth ad 
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the wing tranſom : Draw a perpendicular at this point, to the line K O; 
take the line FP, in the floor plane, and ſet it off upon this perpendi- 
cular, from the line K O, to the point P: So ſhall the curve P Fe, be 
the form of the faſhion piece. W 

Theſe points may all be found without the diagonal ribbands, by half 
breadth lines and water lines, formed on the floor plane, as for inſtance: 
To find the point F; place one foot of the compaſſes in 7, the point where 
the horizontal ribband interſects the plane of the faſhion piece, and the 
other in 5; 7s being perpendicular to WK: With that extent, move the 
compaſſes with one point in the line K O, and the other point perpendi- 
cular to it, till it interſect the fourth diagonal, in the point 8; thro' which 
draw the perpendicular / F. Then take the diſtance from 7 to F, in the + 
the floor plane, which ſet off from ? to F, in the body plane; ſo ſhall F 
be the point required, as before: In like manner the points o, o, may be 
found: But this, as well as the other method, requires two operations; 
whereas, if ſeveral water linzs were formed, with their planes parallel to 
the keel, we might find the points by one operation. Thus, ſuppoſe it 
was required to find a point in the level line, that repreſents the plane of 
the water line formed in the floor plane, which is marked Wat, L. Fix 
one foot of the compaſſes in the point 7, where the line FP interſects the 
water line in the floor plane, and the other foot in the point F. Set off 
this upon the level line in the body plane, from the line K O to f, which 
will be the point required. All the other cant timbers, both in the fore 
and after body, are formed after the ſame manner as the faſhion piece. 


We have formed but one more in the plate, which is abaft the faſhion 
piece, to aſſiſt us in forming the tranſoms. 


Bi-M Ci Bi I; 
Of te TRANS O MS. 


HE tranſoms are faſtened to the ſtern poſt, in the ſame manner 
that the floor timbers are to the keel ; and as the floor timbers have 


a riſing, ſo likewiſe have the tranſoms, which is called the flight; and 


beſides this flight, the wing tranſom has a round aft, and a round up, 
both which are arbitrary: The deck tranſom has a round up, the ſame 
with that of the beams; But in forming the tranſoms, there is no regard 


had 
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had to the round up; for that may be done by the beam mould, after the 
tranſom is properly hewed the moulding way. 

In forming the tranſoms, the firſt thing to be done, is to aſſign each 
its proper place upon the poſt, and then to determine the poſſion of their 
planes with reſpect to the floor plane; for their planes are always per- 
pendicular to the ſheer plane. In the plate there are five tranſoms : Their 
upper ſides upon the poſt are in the points W, DF, 1, 2", and 3“: The 
planes of the wing, deck, firſt and ſecond tranſoms, are ſuppoſed paral- 
lel to the floor plane, and repreſented in the ſheer plane by lines drawn 
parallel to the keel from the poſt, till they interſect the lower heighth of 
breadth line; and the plane of the third is repreſented by a line perpen- 
dicular to the poſt, as in the plate, So it will not be parallel to the floor 

lane. PE 

: The heighth and poſition of the tranſoms being determined, we have no 
more to do, but to form water lines for each. That for the third we have 
already formed: The reſt being ſuppoſed parallel to the floor plane, may 
be formed in the ſame manner as the water line there laid down: The 
only difficulty will be to find a ſufficient number of points to determine 
their forms; becauſe in the deck and firſt tranſoms, their planes interſeCt 
the breadth; ſo that we could only have a point in timber 8, if the 
faſhion piece and a timber abaft it, had not been formed by the rib- 
bands; but now they are formed, we may have likewiſe a point in each 
of their planes, thro' which the curves of the water lines ſhall paſs. 

We ſhall begin with the wing tranſom. Firſt determine the round aft 
which ſuppoſe the line WT, in the floor plane: Take its heighth from 
the ſheer plane, and ſet it up in the body plane from K to W, and draw 
the line WT: Then take this line WT, and ſet it off on the floor plane, 
on the line FP, which will reach to the point 2. A curve drawn thro' 
the point 2, to break in fair with the breadth line, as in the plate, will 
interſect the line WT in T; fo ſhall W T z, be the aft ſide of the wing 
tranſom. Next for the deck tranſom, draw a level line in the body plane 
at the point D* to timber 8. Set off this diſtance upon timber 8, in the 
floor plane, ſrom the line WK; which will give us a point thro' which 
the curve muſt paſs: Then take the diſtance in the level line, betwixt 
the line K O, and the curve of the faſhion piece; which ſet off from the 
point F, upon the line FP, in the floor plane; and this will give another 
point thro' which the curve muſt paſs: Again, take the diſtance in the 
ſame level line, betwixt the line K O, and the curve of the timber abaft 
the faſhion piece; which ſet off from the point G upon the line G g, in 
the floor plane; and we ſhall have a third point thro' which the curve 
| muſt 
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muſt wo Laſtly, let fall a perpendicular to the line W K, from the 
K up 


point on the poſt, and produce it into the floor plane, upon which 
Ny ſet off half the thickneſs of the poſt, allowing for the rabbet, which will 
limit the end of the water line that forms the deck tranſom. After the 
ſame manner are the firſt and ſecond tranſoms formed, by drawing level 

lines in the body plane, at their heighths upon the line K O. 

Now ſome are apt to miſtake theſe level lines for the lengths of the 
tranſoms: The reaſon, as was before obſerved, is becauſe they imagine 
the line K O to be the ſtern poſt ; whereas it is the perpendicular in which 
the plane of the faſhion piece interſects the ſheer plane; and fo theſe lines 
are drawn upon the plane of the faſhion piece. 

All that now remains, 1s to determine the length of each tranſom ; and 
this is done by the line FP, in the floor plane, which interſects the wing, 
deck, firſt and ſecond tranſoms, to their proper lengths. But before we 
can find the length of the third, the plane of the faſhion piece muſt be 
projected upon the ſheer plane: Thus, take the neareſt diſtance befwixt 
any perpendicular in the floor plane, and the point where the line F P 
interſects the water line; and ſet that off from the ſame perpendicular 
upon the line that repreſents the ſame water line in the ſheer plane. Now 
the curve P F will be found to be the projection of the aft fide of the fa- 
ſhion piece upon the ſheer plane : For the diſtance betwixt the perpen- 
dicular of timber 8, and the point f, where the line FP interſects the 
lower water line in the floor plane, is equal to the diſtance betwixt the 
ſame perpendicular and the curve P F, taken in the line MN. The di- 
ſtance betwixt the perpendicular of timber 8, and the point where the 
line FP interſects the ſecond water line in the floor plane, is equal to the 
diſtance betwixt the ſame perpendicular and the curve P F, taken in the 
line that repreſents the ſecond tranſom in the ſheer plane. And by the 
ſame method, we find points in the lines that repreſent the deck and firſt 
tranſoms. The point P is transferred from the half breadth line in the 
floor plane plane, to the heighth of breadth line in the ſheer plane. The 
curve being thus drawn, will interſect the line that repreſents the plane of 
the third tranſom, in the point 2: From which point draw the perpen- 
dicular 2 F, to the curve of the dotted water line; ſo ſhall 3.2, F, be 
the true form of the third tranſom; and a line drawn from F to P, will 
be the plane of the faſhion piece. It muſt be obſerved that the ends of 
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proper allowance left without the lengths found by the line FP. We 
have in the plate only laid down the half of each tranſom. Thoſe who 
incline 


the tranſoms are let into the faſhion piece; for which there muſt be a 


- 
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incline to lay down the whole tranſoms, may eaſily transfer the halfs al- 
ready deſcribed to the other fide of the line W F. | 

Having now formed all the timbers, both ſquare and cant, in the after 
body; we ſhall proceed to the fore body. The cant timbers are laid 
down in the ſame manner as thoſe in the after body, by the diagonal and 
horizontal ribbands; where the dotted line K T repreſents the plane of 
the knuckle timber, canted upon the floor plane ; from whence it is trans- 
ferred to the body plane, and repreſented by the dotted curve betwixt 
timber H and G. 

The hawſe pieces are ſeldom laid down in the loft; it being the gene- 
ral practice to make moulds for them after the other timbers are put up, 
and the harpins are brought about ; but they may be formed 1n the fol- 
lowing manner, | 

Let P H repreſent the plane of the hawſe piece on the floor plane, 
which may be produced to K T, the plane of the knuckle timber: In 
the plate let H be ſuppoſed the heel of the hawſe piece; from which 
point erect the dotted perpendicular 1 into the ſheer plane, and draw 
the dotted level lines @ J, c /, in the body plane; by which, form the 
water lines @ /, e, in the floor plane, and draw the dotted lines a /, c /, 
perpendicular to the line 5%, in the ſheer plane; which will repreſent 
the planes of the water lines. Draw allo the dotted perpendicular 6 /, 
to the point where the line þ / interſects the upper heighth of breadth 
line. Upon the line c / in the ſheer plane, ſet off the diſtance HP, ta- 
ken from the floor plane, P being the point where che plane of the hawſe 
piece interſects the water line c/, Then take the diſtance from H, to 
the point where the line H interſects the MB line, and ſet it off up- 
on tne line 7 to; or, rather find the point upon the lower heighth of 
breadth line, where the hawſe piece comes to; from which draw a per- 
pendicular to the line þ /, and upon this ſet off the diſtance, as before: 
Then take the diſtance from H to the point where the line H P inter- 
ies the water line @/ in the floor plane, and ſet it off upon the line a /, 
in the ſheer plane to p. Laſtly, to find the heighth of the heel, becauſe 
we have not formed a timber at the point H, produce the line H P, to 
interſect the plane of the knuckle timber K T, in the floor plane, at the 
point”: Tater K, with a pair of compaſſes, and placing one foot in 
tne curve of the knuckle timber in the body plane; fo as that the other 
tout touch the line K O, or rather ſet off » K from the line K O to & 
upon the baſe line; at which point erect a perpendicular to interſect the 
curve of the knuckle timber in the point &; ſo ſhall & & be the heighth of 
tne heel, if the plane of the hawſe be produced to interſect the plane ot 

knuckle 
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knuckle timber: But in the plate the heel of the plane of the hawſe 


piece is ſuppoſed to be at the point H: Therefore a perpendicular muſt 
be erected from the point 7, into the ſheer plane, upon which ſetting up 


the heighth & , we ſhall have the point E. We may by the ſame me- 


thod find a point in the plane of timber H, in the ſheer plane; through 
which the curve of the hawſe 10 muſt paſs; and if produced to &, it 


will interſect the perpedicular þ /, in the point 5; which is the heighth 
of the heel. 


Tho' the hawſe pieces are ſeldom laid down, yet by forming them on 


the ſheer plane, we ſhall thereby diſcover if there be any faults in the 


half breadth lines or water lines: For if the timbers that are formed by 
theſe lines are not fair, ſome of thoſe lines from which they are formed 
mult certainly be the occaſion of it; which therefore muſt he rectified 
ny wy can find the true form of the harpins ; which is the next thing 
to be done, 


S E CT. II. 
To form the Harpins and Rails of the Head. 


S the harpins are level'd acroſs, they will be formed by the ſection of 

a plane perpendicular to the ſheer plane : But there is no neceflity 
tor theſe ſections to be parallel to the keel. In the plate we have drawn 
only a ſtrait line to repreſent the plane of the harpin above the wale. It 
is drawn from the ſtem to timber E, and marked harpin. Now in or- 
der to form the curve of this harpin, it would be proper to form timber 
F, in the body plane: Alſo to draw perpendiculars to the ſeveral points 


where the plane of the harpin interſects the planes of the timbers E, F, G 
and H, in the ſheer plane; and upon theſe to fet off the half breadths 


correſponding to each, taken from the body plane. This would give us 
the points thro' which the curve muſt paſs, which would be a water line. 
But as this is performed exactly in the ſame manner as the water line that 
repreſents the third tranſom, we judge it unneceſſary to form it in the 
late, 
e The rails of the head are projected on the ſheer plane, according to 
their true hangings; and in order to find their true lengths, draw the dot- 
ted line S T', parallel to the keel at the heighth of the rails, upon the 
head. We mult then determine the ſtation of the cat-head upon the 


F | floor 
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floor plane; and likewiſe the thickneſs of the head at the rail; and let 
fall a perpendicular from the point T, where the line 8 T interſects the 
cat-head in the ſheer plane, to the point T in the floor plane; and like- 
wiſe a perpendicular from S in the ſheer, to S in the floor plane; and- 
draw the line TS: 68 in the floor plane being half the thickneſs of the 
head of the figure at the rail; fo ſhall T'S, in the floor plane, be the true 
length of the rail. Let the line T 8, in the ſheer plane, be divided into any 
number of equal parts: Suppoſe into the points x, , 2 ; from which points 
draw perpendiculars to the line T'S, to be limited by the rail, Divide 
the line T'S, in the floor plane, into the fame number of equal parts, in 
the points x, y, 3. Draw perpendiculars to theſe points, and make them 
equal to the correſponding ones in the ſheer plane; fo we ſhall have the 
points thro' which the curve of the rail muſt paſs. 

We have now ſhewn different ways of forming all the timbers ; where 
it muſt be obſerved that we have always ſuppoſed every timber to be one 
intire piece of wood from the keel to the top of the fide; whereas in 
reality, they are in ſeveral different pieces; the head of the lower piece 
being cut {quare to join to the heel of the next above it: . And in order 
to ſupport theſe joinings, another ſett of pieces are cut, and joined toge- 
ther in ſuch a manner, that if both the ſetts were faſtened together, the 
joinings in one ſett, would be nearly againſt the middle of the pieces in 
the other ſett. In this manner are all the frames faſtened and erected, as 
if each was one piece of wood. The pieces laid acroſs the keel, to which 
they are faſtened, are called floor timbers: The other pieces are called 
futtocks, except that which goes to the top of the fide, which is called 
a top timber. Hence it is plain that the mould which ſerves for the floor 
timber, will ſerve for the lower part of the correſponding futtock. The 
mould for the upper part of the firſt futtock, will be the ſame with that 
for the lower part of the ſecond ; and the mould for the lower part of 
we top timber will be the ſame with that of the upper part of the cor- 
reſponding futtock. It is of great importance in building, to give pro- 
per ſcarph to the timbers; for which we refer our readers to the table of 
cantlings at the end of this part, 
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Of Bevelling the 7I MB ERF. 


N the preceeding chapters we have conſidered the timbers as plain ſur- 
faces, without any regard to their thickneſs or breadth ; whereas e- 
very timber conſiſts of two planes, and the ſpace contained betwixt them 
is the breadth of the timber. We have already ſhewn how to find the 
form of one of theſe planes, which is called the moulding fide of the 
timber. The form of the other fide will be different from the moulding 
fide, except in midſhips. Now if the timber be properly hewed from 
the moulded fide, we ſhall have the form of the other fide: This is what 
is called bevelling the timbers; a term fo well known that it needs no 
explication, We ſhall only remark that the bevelling 1s the angle made 
by the meeting of two planes limiting a ſolid ; and as this angle cannot 
be meaſured by ſcale and compaſſes, without cutting the ſolid by another 
plane perpendicular to both; it is done by an inſtrument called a bevel. 
When the angle is a right one, the timber is ſaid to be ſquare, and is 
meaſured by an inſtrument of that name. 

| In order to.hew any piece of tiniber to its proper bevel, it will be 
very proper firſt to make one ſide fair, and out of winding ; a term uſed 
to ſignify that the ſide of the timber ſhould be a plane. Now if this ſide 
be uppermoſt, and placed horizontally, or upon a level; it is plain if the 
timber is to be hewed ſquare, it may be done by a plummet and line; 
but if the timber is not hewed ſquare, the line will not touch both the up- 
per and lower edge of the piece; or if a ſquare be applied to it, there 
will be wood wanting either at the upper or lower fide. This is called 
within or without a ſquare. When the wood is deficient at the under 
fide, it is called under bevelling; and when it is deficient in the upper 
fide, it is called ſtanding bevelling ; and this deficiency will be more or 
leſs, according to the depth of the piece; ſo that before the proper be- 
vellings of the timbers are found, it will be ſometimes very convenient 
to aſſign the breadth of the timber; nay in moſt caſes it will be abſolutely 
neceflary, eſpecially afore and abaft; tho' the breadth of two timbers, or 
the timber and room, which, as was before obſerved, includes the two 
timbers, and the ſpace betwixt them, may be taken without any ſenſi- 
ble error; as far as the ſquare body goes, For as one line repreſents the 


2 moulding 
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moulding ſide of two timbers, the foreſide of the one being ſuppoſed to 
unite with the aft ſide of the other; the two may be conſidered as one 
intire piece of timber. 3 d 3 

Notwithſtanding it is uſual in draughts to lay down only every third 
or fourth timber; yet in the loft it will be neceſſary to lay down all the 
timbers: But as our plate will not admit of this, let us ſuppoſe the line 
a ae, betwixt the timbers 5 and 7, in the floor plane, to repreſent the 
moulding ſide of two timbers; and the lines and , the moulding 
ſides of other two timbers. Draw the lines bc and # /, the one in the mid- 
dle betwixt ea and uu, and the other in the middle betwixt e a and r 5; 
ſo ſhall the diſtance betwixt the lines 5 and 1, be the breadth of two 
timbers, together with the ſpace betwixt them: The portion & of the 
ribband may be taken for a ſtrait line, and then the angle that is made by 
the line bc and 6 K, or the angle made by the line & / and 4 &, will be 
the bevelling according to the fide on which the timber is moulded ; the 
one being as much ſtanding as the other 1s under bevelling. In order to 
find how much this is from a ſquare, draw the lines 1, 2, 3, 4, perpen- 
dicular to the lines bc and +]; and the portions of the line e intercep- 
ted betwixt the ribbands, and theſe perpendiculars will be what the tim- 
ber is either within or without a ſquare ; ſo 4 e will be that at the fourth 
ribband : And becauſe the line e repreſents the moulding fide of both 
timbers, the timber before it will be ſtanding, and the timber abaft it, 
under bevelling. 

It is very neceſſary to obſerve that the planes of the ribbands ſhould be 
perpendicular to the planes of the timbers, which is the caſe in all the 
{quare timbers: But the planes of the cant timbers are inclined to the 
planes of the ribbands; therefore their bevelling cannot be had by the 
ribband lines in the ſame manner as theſe of the ſquare, becauſe when 
the ſtock of the bevel is laid upon the moulding fide of the timber, the 
tongue of the bevel will be out of the plane of the ribband. 

Another thing to be carefully obſerved, is in what direction the ſtock 


of the bevel is to be laid upon the moulding fide of the timber. This is 


tound in the body plane: If we bevel by ribband lines, the diagonals 
will give the line of direction; but if the bevellings are taken by water 
lines, the level lines in the body plane will give the direction ra which 
the ſtock of the bevel is to be laid upon the timber: When theſe lines 
in the body plane are very oblique to the curves of the timbers, if the 


' bevel is not kept exactly in the ſame direction, it will occaſion a very 


great error; and only the very ſharp edge of the tongue will touch the 
timber, For this reaſon, the beſt way to take the bevellings will be, fo 
that 
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that both ſtock and tongue may be ſquare to the timber; but this will 
alter the bevelling, and bring it likewiſe nearer to a ſquare, which is a- 
nother advantage we ſhall gain by altering the direction of the ſtock ; and 
the true bevelling may be found by the following method. | 

Let the diſtance betwixt timber 7 and timber 8, in the floor plane, he 
ſuppoſed the breadth of a timber; then the perpendicular at 8 will re- 
preſent the plane of the aft ſide; and the perpendicular at 7, the plane 
of the fore ſide of the timber in the floor plane: The curve of timber 8 
in the body plane, will be the form of the aft ſide; and the curve of 
timber 7, the form of the fore ſide of the timber: So that the neareſt 
diſtance betwixt theſe two curves, will certainly be what the bevelling 
differs from a ſquare ; for if the timber were ſquare, the ſame curve would 
repreſent both ſides of it. 

Now if it were required to find the bevelling of this timber by the 
water line, (Wart L in the floor plane) it is evident it will be the angle 
8 1, if the moulded fide be aft; and x 4 will be what it is without a 
ſquare. This will be in the direction of the level line in the body plane, 
where it is x ; but x v being the neareſt diſtance betwixt the curves ta- 


ken from the point x, that muſt be ſet off from x to v, on the floor plane; 


o ſhall 8 z v, be the true bevelling, when the bevel is ſet ſquare to the 
timber at the point v, where the ſirmark muſt be placed. But if the 
moulded ſide. be forward, the angle x ut, will be the bevelling, and x 2 
what it is within a ſquare; the fame as that which was without a ſquare 
when the moulding fide was aft. Here z 2 is the neareſt diſtance betwixt 
the curves, taken from the point 2; and when this is ſet off from & to ⁊, 
in the floor plane, the angle x 27, will be the true bevelling at the point 
2, in the body plane, where the ſirmark muſt be placed. This method 
will be very uſeful for the cant timbers, when they are bevelled by water 
lines, and may be done by the workman, if the bevelling is given in the 
direction of the plane of the water line, by obſerving the following di— 
rections, which are in effect the ſame with theſe now preſcribed. 

1/7. Apply a ſquare to the bevelling board, at the point where the line 
that determines the bevelling of the timber interſects the {ide of the board; 
and the diſtance of the other end of the line from the ſquare upon the 
oppoſite ſide of the board, will be what it is within or without a {quare. 

2d. If the timber has an under bevelling, take the quantity of it, found 
by the ſquare, with a pair of compaſſes, and ſet it off upon the line of 
direction, on the timber, from the point where the line interſects the 


moulded fide, which is raſed in upon the timber: One foot of the com- 


paſſes being fixed in this point, let the other foot reſt in a point in the 
line 
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| line of direction: From this laſt point take the neareſt diſtance to the 
| 


outſide of the timber, and mark the ſirmark at that place. 1 
za. Take the neareſt diſtance found on the timber, and ſet it off from 
| the ſquare upon the ſame ſide of the bevelling board, from which the 
| N diſtance ſet off upon the line of direction, was taken; and mark that place 
{ upon the board, A line drawn from that point, to the point where the 
1 ſquare was applied on the oppoſite ſide of the board, will give the true 
| bevelling, to be taken ſquare to the timber, obſerving to ſet it to the pro- 
1 per firmark, 

If the timber has a ſtanding bevelling, we muſt apply a ſtrait edged 
batten to the line of direction upon the timber, upon which we muſt ſet 
off what the bevelling is, without a ſquare; and -proceed in the ſame 
manner as before. 

Note. If the bevelling board is not exactly the breadth of the timber, 
the bevelling muſt be transferred from the board to two parallel lines, 
the breadth of the timber being the diſtance betwixt them. 

But if it be required to bevel the cant timbers by the diagonal ribbands, 
the angle Fo b, will be that which the faſhion piece will then make with 
the third ribband: For o being the point where the plane of the faſhion 
piece interſects the third ribband ; a line drawn from o to F, will be that 
in which the plane of the timber interſects the plane of the ribband : 
But then as theſe planes are not perpendicular to one another, the angle 
Fo will not be the true bevelling, unleſs the bevel be fo applied that 
the tongue may be in the direction of the ribband, and then the ſtock 
cannot lay flat upon the fide of the timber: For which reaſon this me- 
thod will not do for practice; for the ſureſt way to take any bevelling, is 
when both the ſtock and the tongue of the bevel are ſquare to the tim- 
ber. 

In order then to find the true bevelling upon a ſquare, the direction in 
which the ribband interſects the timber muſt be given, as well as the an- 
gle Fo; and likewiſe the breadth of the timber: Now if theſe three 
be given, the angle upon the ſquare may with certainty be found by the 
Flowing method. 

Let the diſtance betwixt the parallel lines AB and E F, be the breadth 
of the timber; B a the direction of the ribband; and @ & what the be- 
velling is without a ſquare. (See the Fig. under the Scale, Plate 7.) 

Now, that we may the eafter conceive how this bevelling may be 
found, let us ſuppoſe the timber to be quite ſtrait, and firſt trimmed 
ſquare, Then, becauſe 30 is what it is without a ſquare, it is plain there 
muſt be fo much lined off the aft fide of the timber, and when this is 


hewed 
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hewed off; the line a B will be the breadth of the outſide of the tim- 
ber; and if B D be made equal to B a, and D d equal to a b, and the 
angle at Da right one; then it is plain the angle A B d, will be the be- 
velling, if the tongue of the bevel can be kept in the direction of the 
line Ba: But when the ſtock of the bevel is laid flat on the ſide of 
the timber, the tongue will naturally be perpendicular to the plane of 
the timber, which will be in the line BF; and if F f be made equal 
and parallel to D 4; then will the angle A B f, be the true bevelling up- 
on a ſquare: But if the outſide of the timber is a curve, the ſtock muſt 
be placed at the point ?, and ? B made equal to Fa; and the tongue 
will come to the point 9. 

To apply this to find the bevelling of the faſhion piece at the third 
ribband, the angle F 95, is given in the floor plane; and to find the direc- 
tion in which the plane of the ribband interſects the plane of the tim- 
ber; we muſt find the angle, or the inclination of theſe two planes to 
one another: For tho' the plane of the timber is perpendicular to the 
plane of the water lines; it will not be ſo to the planes of the ribbands: 
And what was aſſerted in Prob. 7. in regard to the angle at the top and 
bottom of the cheſt, vig. that they would be equal, muſt be underſtood 
ſo, as that both the ſtock and tongue of the bevel be kept parallel to the 
back ſide of the cheſt; which might be eafily done, when the partition 
is properly bevelled to the backſide of the cheſt: But here the caſe is 
different, therefore we. muſt find it by the following method. 

1/7, From the point o draw the line e perpendicular to Fo; the line 
in which the plane of the timber interſects the plane of the ribband on 
the floor plane. _—_ 

2d. Thro' the point o in the body plane, draw the line e o perpendi- 


cular to K O, o being the point where the ribband interſects the faſhion 


jece. | 
F zd. Take the line oe from the floor plane, and ſet it off from the 
point 3, where the third diagonal interſects the line K O in the body 
plane to the point e in the line oe. 

And laſtly draw the line 3 e; fo ſhall O 3 e, be the angle the plane of 
the ribband makes with the planc of the fathion picce. 

Nov let the diſtance betwixt the line K O and 5%, be ſuppoſed the 
breadth of the timber ; then will 3 5 be the breadth of it upon the plane 
of the ribband; which ſet off upon the floor plane from o to , and 
draw the line 622 B, parallel to Fo; fo þ zz will be what the bevelling is 


without a ſquare, when taken in the direction of the ribband; and the 
angle Fo, the bevelling. In order to find the bevelling upon a ſquare, 


{ct 


| 
| 
| 
' 
| 
| 


in the plate, becauſe it would be too near to the ribband line 5 o, 


m- 
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ſet off the breadth of the timber from o to , and make / 2 equal to 7b; 
ſo ſhall Fo 2, be the true bevelling on a ſquare. The line 29 is omitted 


We have now ſhewn how to bevel the cant timbers either by water or 
ribband lines; and much after the ſame method, may the faſhion piece 
of a ſquare tuck be bevelled. It both rakes and cants, and of conſequence 
will be inclined to the planes of the water lines, if they are parallel to 
the keel; as that of the long- boat. (See Plate 5.) | 

Now, in a ſhip the planes of the water lines may be repreſented by 
lines perpendicular to the plane of the faſhion piece, in the ſheer plane; 
and formed in the ſame manner as that of the third tranſom in the ſhip 
(Plate 7.): And then we ſhall have the true bevelling in the ſame man- 
ner as that of the cant timbers. It may likewiſe be done by water lines 
parallel to the keel, as in the long-boat ; where we cannot form all the 
neceſſary water lines perpendicular to the plane of the faſhion piece, be- 
cauſe there are no top timbers. We may therefore find the angle the 
planes of the water lines make with the plane of the faſhion piece; and 
from thence find the true bevellings, by the method directed for find- 
ing the bevellings by the ribband lines, when the plane of the faſhion 
piece is perpendicular to the floor plane: So that all that ſeems now ne- 
ceſſary, is to ſhew how to find the angle the plane of the faſhion piece 
makes with the floor plane, to which the planes of the water lines are 
ſuppoſed parallel; in order to which; 

1/7, Produce the line W & to the point , in the line g L, the common 
ſcction of the theer and floor planes. 

24, Thro' the point draw the line d 7 parallel to g G. 

3d, Let fall the perpendicular &, and thro' the point y draw the line 
In perpendicular to dn. Draw alto the line y v perpendicular to In. 

Note. The point & may be aſſumed at pleaſure. | 

4th, From the center , with the radius &, interſeCt the line J in 
the point J. We may alſo draw the line 2/; ſo &# m1, will be the angle 
tormed upon the plane of the faſhion piece by its interſection with the 
theer and floor planes. 

Lojily. With the radius 21, from the center , interſect the line y v in 
v; fo ſhall J, be the angle which the plane of the faſhion piece makes 
with the plane of the water lines; as in Prob. 7. Chap. 1. Part 2. 

Having thus found the angle, let 4 m be the breadth of the faſhion 
piece: Thro' d draw a line parallel to 21, to interſect the line 7 v in the 
point c; ſo ſhall c be the breadth of the faſhion piece upon the plane 
of the ribband, It then lines be drawn on the floor plane, parallel to 


g &, 
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g G, e 3, 2, 1; as x f parallel to g G, and if x G be equal to c, and 
perpendicular to g G; then the angle g G f, will be the bevelling upon 
the plane of the ribband, and x f what it is without a ſquare. Again, 
if ſrom the point G we ſet off d n, the breadth of the timber, and draw: 
the dotted line qi, equal and parallel to x f; we ſhall have the angle 
g Gi, the true bevelling upon a ſquare. ; 

After the bevellings of the timbers are found, they are put on a board. 
provided for that purpoſe, called a bevelling board. This board ſhould be. 
made the exact breadth of the timber, which ſuppoſe x, 2,s, f, in the figure 
bevel [Plate 5.). If upon one edge of the board we ſet off as many points, 
as we intend it ſhall contain tunbers, and place them at any convenient 
diſtance from one another, whether equal or unequal is indifferent, and 
diſtinguiſh them all by their proper names; we may then lay the gradu- 
ated edge of the board to the line that repreſents the moulding ſide of 
the timber, ſo that the proper point be at the interſection of the plane of 
the ribband, and the plane of the timber; and when in this polition, if 
we mark the other edge of the board where it croſſes the ribband ; a line. 
drawn acroſs the board from theſe two points, will be the-true bevelling 
of the timber at that place. So when the board is applied to timber 7 in, 
the floor plane, we ſhall find the bevelling to be as much from a ſquare as is. 
expreſſed by the dotted ſquare line drawn acroſs the board at that place. 
It muſt be obſerved that the perpendicular at timber 7. repreſents the fore- 
fide of the floor timber, and aftſide of its correſponding futtock: So that 
the floors will be under, and the futtocks ſtanding bevellings, and where the 
ſpace of the ribband, containing theſe two timbers, is ſtrait, the one will be. 
as much ſtanding as the other is under bevelling; as in the plate, where: 
the perpendiculars drawn to timber 7, from the points in which the aft- 
fide of the floor, and foreſide of the futtock interſe&t the ribband, are 
parallel to that drawn thro' the point, where the line that. reprefents the 
moulding fide of both timbers, interſects the ribband : This method- 
will anſwer, for all the timbers, whether we bevel by half breadth lines, 
water lines, or ribbands, only obſerving the directions given before, to 
transfer oblique to ſquare bevellings. We ſhall likewiſe hereby find, 
that in ſome caſes, where the ribbands are very round, one bevelling 
will not do for two timbers, and even when it is only taken for one tim- 
ber an allovrance ought to be made for the round of the timber; for 
which purpoſe it will be neceſſary in ſome caſes to make a mould to fit: 
the round or hollow, and faſten this to a ſtrait edged batten in the pro- 
per direction. . 

Another method practiſed to find the bevellings for the {quare- tim-- 
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bers, f is by the diagonals in the body plane; without regarding the curves 
of the ribbands in the floor plane: But this cannot be uſed, unleſs we 
firſt form all the timbers in the body plane. 

Let then the. diſtance betwixt the parallel lines AB "Y CD, be the 
timber and room, that is, as before obſerved, the breadth of two tim- 
vers, and the ſpace betwixt them, and if this be equal to the diſtance 
het wixt the perpendiculars repreſenting the planes of the timbers, we 

ive all the timbers ready formed in the body plane in Plate 5. and may 
and the bevellings in the following manner. 

Draw the line A C, per pendicular to AB and C D, for the bevelling 
of O: Then take the ſeveral diſtances in the diagonal, from M to the 
points where it interſects the timbers 1, 3, 5, 7 and 9, and ſet them off 
from the point a, to the pom b, c, d, e and f, in the lines AB and CD; 
ſo that lines drawn from f to f, from e to e, Sc. would be parallel to 
AC. Then draw the linesab, bc, cd, de, ef; which will give the bevel- 
lings of the timbers r, 3, 5, 7 and 9 That is to ſay, of two timbers, viz. a 
floor timber and a futtock. So / e will be what the bevelling of timber 
9 is within a ſquare, as may be ſeen in the floor plane, by producing the 
line that repreſents the plane of timber q, till it is equal in length to that 
which repreſents the plane of timber 7 : But it muſt be obſerved that the 
perpendicular at 9, repreſents the foreſide of the floor timber; therefore 
the futtock correſponding to it, is before the perpendicular at 9; the fut- 
tock correſponding to timber 7, will likewiſe be before its perpendicular; 
So that tho' this method may give us nearly the bevellings of two tim- 
bers, yet theſe are not the two that are to be faſtened together. There- 
fore this method ought to be rejected, unleſs we ſet off the breadth of 
the timbers on each fide of the line that repreſents the moulding edge, 
and draw perpendiculars betwixt each on the floor plane. We might 
then indeed find points in the diagonal, betwixt the timbers formed, 
which would give the bevellings of each floor timber with its correſ- 
ponding futtock, 


* 


. 
To find the Bevellings of the Tranſoms. (Plate 7.) 


Here are two ways of doing this. One is by forming curves on the 
ſheer plane, by ſections of planes cutting the ſhip fore and aft, pa- 


rallel to the ſheer plane, Theſe planes will be repreſented by ſtrait lines . 
d c 
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the floor plane, parallel to W K; and in the body plane, by ſtrait lines pa- 
rallel to K O. In the plate we have only formed the two dotted curves 
in the ſheer plane, to timber 7; the interſections of theſe with the planes 
of the tranſoms, which in the ſheer plane are repreſented by ſtrait lines, 
will give the bevellings ; ſo that all that is now neceſſary, is to ſhew how 
theſe curves are formed, and in what direction the ſtock of the bevel is 
to be placed upon the tranſom. In order to this, firſt draw the two dot- 
ted lines in the body plane, parallel to K O, to interſe& the timbers. 
Transfer the heighths of theſe interſections to their correſponding tim- 
bers on the ſheer plane; which will give the points thro' which theſe 
curves muſt paſs. Secondly draw two dotted lines parallel to WK in 
the floor plane, to interſect all the tranſoms: Theſe transferred to the 
planes of the tranſoms in the ſheer plane, will give the points where the 
curves interſect theſe planes. Theſe dotted lines in the floor plane, muſt 
be the ſame diſtance from the line W K, that the correſponding ones are 
from the line K O, in the body plane. They will interſect the tranſoms 
in the direction in which the ſtock of the bevel is to be laid upon the 
tranſoms ; and if this ſhould be judged too oblique, it may be transferred 
to a ſquare one, as before directed. As the third tranſom is not formed 
in the floor plane, a line muſt be drawn parallel to the plane of it, where 
it is formed, to find the proper place and direction of the bevel: 

The other method is by forming more timbers abaft the f-ſhion piece, 
Their planes will be repreſented by ſtrait lines in the floor plane, where 
they will interſect all the tranſoms already formed. In the plate we have 
only drawn one G g, by which we have formed another cant timber in 
the body plane, in the fame manner as the faſhion piece was formed. 
The angle formed by the curve of this timber, and the level lines that are 
drawn at the heighth of each tranſom in the body plane, will be the 
bevelling ; and the ſtrait line which repreſents the plane of the timber, 
will give the direction in which the bevel is to be placed upon the tran- 
ſoms. This may likewiſe be transferred from an oblique to a ſquare be- 
velling; and if needful, a mould made for the hollow of the tranſom. 

The only thing that remains in regard to bevellings, is to ſhew how 
the ribbands are bevelled. Now as their planes are repreſented by dia- 
gonals in the body plane, the angles that are formed by the diagonals, and 
the timbers in the body plane, will be the bevellings; and the perpendi— 
culars repreſenting the planes of the timbers in the floor plane, will give 
the direction for the bevel, The harpins ars bevelled by level lines in 
the body plane; but as they are not parallel to the keel, when the ſtock 
is laid flat upon the upper fide of the harpin, the tongue will not be in 

| Z 2 the 


174 Te. Uſe of the Sector in forming Ori Ap. V. 
the direction of the timber; yet as the harpins are not above four or five 
inches broad, this need not be regarded, Thoſe who inciine to greater 
exactneſs may ule the ſame method as in finding the bevellings of the 
tathion piece for a ſquare tuck, or form the harpins by diagonals in the 
body plane, which may be fo contrived as to interſect the tunbers nearly 
in the ſame points with the ſheer, 


8 1 


Of forming Bodies not fymilar to that by which the Lines on 
the Seftor were conſtructed. 


E have, as was propoſed in this ſecond part, ſhewn the general 
methods uſed in drawing of ſhips, and how to lay down a ſhip 
by the ſector, it ſimilar to that from which the lines were conſtructed. 
We thall now ſhew the uſe of the ſector in forming bodies that are not 
{imilar to one another, | 
The firſt thing to be done, is to ſet the ſector by the propoſed half 
breadth, and draw the diagonals as before directed. Then we muſt form 
the midſhip frame by the points, as in Plate 7. By this we ſhall diſco- 
ver, that it will be either too full or too ſharp; and therefore muſt be al. 
tered by the artiſt, according to the {ſervice the ſhip is deſigned for. The 
foremoſt and aftermoſt timber muſt likewiſe be formed by the artiſt; 
and then the portions of the diagonals intercepted betwixt theſe timbers 
and the midſhip, will not be the ſame as that given by the ſector, when 
ſet to the half breadth, In order then to find the points in the diagonals 
for the intermediate timbers, the ſector muſt be ſet to each ſeperately. 
Thus, take with a pair of compaſſes, the portions of the diagonals inter- 
cepted betwixt the midfhip and aftermoſt timber, now made conforma- 
ble to the ſervice for which the ſhip is deſigned ; and by theſe ſet the 
ſector ſeparately for each, till the diſtance taken by the compaſſes reach 
from the proper points in one leg, to the correſponding points in the 
other leg; and being thus ſet, we may find the proper points in that di- | 
agonal; and then ſet the ſector for the next diagonal. 
In order to illuſtrate this, we have in Plate 8, laid down the midſhip, 
foremoſt and aftermoſt timbers of two ſhips; the one an Eaſt India ſhip, 
the other a French privateer. Their bodies are very different from one 
another, and likewiſe from that by which the ſector was formed; and if 
the intermediate timbers formed by the ſector in both ſhips, will preduce 
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Sect. II. Bodies that are net ſimilar, . 17.07 
fair ribbands, it may be preſumed that it may be very uſeful in any 
other caſes. | | 

Now becauſe we cannot open the ſector in the plate, we have taken 
the ſeveral diviſions of the four ribband lines upon the after body of the 
ſector, and ſet them off from the point C, upon the four lines C 1*R, 
C2 R, Sc. interſecting one another in the point C: So that the point C 
is the ſame diſtance from the points 7, 5, 3 and ©, upon thele linc:, 
that the ſame points are ſrom the center of the joint upon the ſector. We 
have likewiſe drawn four other lines to interſect the former in the point 
C. But the angle formed by the two lines marked 1* R, is not equal to 
the angle formed by the two lines marked 2. R; nor to that formed by 
the two lines marked 3* R, or by thoſe marked 4* R. The angle formed 
by each two lines of the ſame name, is determined in the following man- 
ner. From the center C, an arch of a circle is deſcrived to interſect the 
line 1*R in the point S. From this point, the diſtance betwixt the mid- 
ſhip and aftermoſt timber now formed, taken upon the firſt diagonal, is 
ſet off upon the arch; and the other line C 1* R is drawn thro' this point. 
In like manner the other three lines are drawn, by deſcribing arches of 
circles from the center C, to meet each line in the point M, and ſetting 
off upon each arch the diſtance betwixt the midſhip, and aftermoſt tim- 
ber, taken upon the diagonal correſponding to each line. So the diſtance 
betwixt the points Q and , in the two lines marked 1* R, is equal to 
the portion of the firſt diagonal intercepted betwixt the midſhip and after- 
molt timber; the diſtance betwixt theſe points in the lines marked 2*R, 
is equal to the portion of the ſecond diagonal intercepted betwixt the afore- 
ſaid two timbers, Fc. The lines being thus drawn, and each divided in 
the ſame proportion as its correfponding one of the ſame name is, the 
points on each diagonal for the timbers 3, 5 and 7, will be found upon ex- 
amination to be at the ſame diſtance from the after timber, that theſe points 
are from one another, in the two lines correſponding to each diagonal. 

The like proceſs may be uſed for forming the intermediate timbers in 
the fore- body: But it muſt be obſerved, that in forming the ribbands 
from theſe timbers, their ſtations in the ſheer plane muſt be determined 
by the ſector, as in Plate 7. and after the ribbands are all formed, the 
proper ſtations of the timbers may be aſſigned. 

Now tho”, both the ribbands and timbers thus formed may prove fair, 
yet neither this method by the ſector, nor any other method, which has 
been publiſhed, can be eſtabliſhed as a certain invariable rule ; becauſe 
the curves by which they are formed have no properties peculiar to them- 


ſelves to diſtinguiſh them from all other curves, as was before _—— 
Wo The 
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The only way to make any conſiderable improvements in this art, we 
preſume, will be, by carefully examining the different bodies of ſeveral 
ſhips that have been actually built, and whoſe good or bad qualities have 
been diſcovered by experience. We have therefore, for the ſake of ſuch 
of our readers as are not furniſhed with a ſufficient number of draughts 
for that purpoſe, collected into the following table all the dimenſions that 
are neceſſary to determine the form of fourteen different ſhips; and we 
may venture to affirm, that the youth will receive more benefit by deli- 
neating theſe from the dimenſions, and thereby ſooner acquire the art of 
drawing, than by all the rules and directions that have been hitherto pub- 
liſhed on that ſubject, 

The dimenſions in the following tables are taken from the diagonal 
ſcale, Plate 2. and the number of equal parts contained in twelve feet, is 
ſpecified at each ſhip, : 
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178 Dimens1ons for forming the BODIES. 
No rx. A firſt RATE 100 Guns. 2262 2 12 Feet. 
Iimbers Diagonals. [Heighth of bread. | 
names. 1ſt. | 2d. top ti. may top. fr. & 
D 1620377145 10406432 9790154714030 
8 1460Þ2790[4678]6094 
16 1186[2212[3930[5552 
24 0766|1532[2980[4470 
30 03110577 
D 1586j30161[4998[6322 
M 1340] 535[439815848 
W 05 181386 | 
X 828 
mg} e 
We O. je * 6 11 8 2300 


36521 5006 


412015944 


0 th A tecond RATE go Guns. 273 1 132 Feet. 


. —— Heighth of bread. [Half Brea 
names. 1k. | 2d. . | ;th. low. upp. top. ti. top. tro. 
75 1589 3010/47720 16alanns O70 3916] 000 
9 1410,2728{4700|6008|705 104416 5130 3830]. 682 
18 09731140038 12063630665 $37 5310 3652]1 1914 
27 04050813 551715714 5844 3312117014 
32 0105 0206/0880 24141422 3]0396 0425] 2026119842 
I 1465 28044750 607271264355 5060 3848] 6556 
S 1022 2012 6624449605295 63740011647 
W 07431580 608353 9055 9 368613345 
Z 02650930 5132 59276018 102724 163612 13045 
rr 64 2214 1714 | 1 
pan ron to ! 1164 2214408409472. — —| 
Ne 4, A third RAT E 74 Guns. 2730==12 Feet. 
Iumbers Diagonals. jHeigbth of bread. Half brea 2 4g 
names. 1ſt. 2d. 3d. Tack. T ch. 5th. low. | upp.|top ti. Imain top. tro. &3 


© 1539287714058 7 5166 4064 
9 1479045330 8066743 4199 4717] 814205103 [3966 6840. 
8 119121993922}5241 6229 580006 848 24790037621 1962 | 
27 03801194 2500956 5182 529915572 89901422813350]1708 2: 
33 0140Þ340115612512[2992Þ6086,619:| 9430[3564129 52120494] 
F 1404j274514547158 341607 78Þ41 1414662 795215140/4012] 481 2 


MI 1310124204206155040455 427014741] 80663/14926j35074 8214. 

8 096211796|3267]4660|5722 64714996 82366430 535801162 
Mighty or bt t F 0694/193213210/41991529515400 3468] 31473197 14400, 
rig ut aff the d. gens 


F 215513928 57066746 


Dy.(ais* from ditto cg 


TT oy | | T 
bas: Late produtred 7 1144[217213942057 1417484 — — — | | 


Waben — 


A 


Drurxsroxs for forming the BODIES, 179 
Ne 4. A fourth RAT E zo Guns, 1034 Tons, 2222212 Feet, 


ib {+ Diagonals. (Hcighth of brea. [Halt rea.“ 
names. 1ſt. 2d. 3d. 4th. 5th. 2 upp. top. Imair twp. tro. I 
| 1406[26004154/5216]6000/344 413950] 13409] 0000 


3355] 5040 
3094410993 
42798814559 
2450]! 7505 


2 

9 126002316038 844978 5803132620 3908 
18 0918]1676]2923|4120[;5118}4050[4219 
2 4 


0532104220623 20643 8644664598 
29 014603491004 2151 345415000 505 


1 1264/32 203900497005 75413666 3992, 33180 5342 

P 096711742]3000[4191 514914108 4374070 7050620 8898 

S 064012652 35803 46664520448 204582 02 798410688 

W o190[0640]1 50712452 3414150245024 254912460 
8 = 1038 98 34804974 4711 N | 

the middle line 9 

pace tom dio 617 1071119841348 24976460 Sl ike: e 
NY. A fifth RATE 40 Guns, 706 Tons, 2736212 Feet. 

1 * Diagonals. [Heighth of breaſHalt brea. = 

names. 1ſt. 29. | 3d. | 4th. | 


S 1208[2000,33 3 314400 
10 10980181803 13604230 
19 0630-21802 346350 
25 0339060014482 588 
28 0128002160761 796 
G 11750193803 3004360 
N 091161334 2Z76438 80 
T 0356607721768 880 
Y o000[0282j1132]2200 
nn gage! xO20[174.4/ 306014 342] 
Vine belt Pele ©} 1016117101312 314034 


N® 6. | A ſixth RATE 20 Guns, 508 Tons, 2744=12 Feet, 


8 #5 Diagonals. JHeighth of brea.[Half brea. 15 — | 
names. It. 2d. | 3d. | 4th. | ;th. | low. ſupp. | top. main | 
S 10641870298 8038 18043 16237003 12605408 35900301. 
9 09391]1640[27241355614153Þ680[3130|5511]3544 
18 o61c|1100[194412808]360cJ2984{3298 57423222 6 
24 0290005321 144/1964279 338503588 603442683 
26 011900224 3 5 35801372916148[238 3]2 
'T 0922162026843 50041 z 722031360351 113 504 
P 0642/1142062 28930352603 1260333056643 094 
8 043210828|1536[22 541284 1494/2606 578412510 
U ooo0ſ0370jo894|1498[2016]38 360390068 8661764 
ele hne ®þ O84811508[2 520134501431 | 
ccc EL. 


Aa Ne 7. 


180 DimExs1tons for forming the BODIES. 


Ne. A SLO OP of 150 Tons, 2696 12 Feet. 
Tine Diagonals. Heighth of brea. f alf Brea fp 
names. 1ſt. 2d. 3d. 4th. 5th. flow. top. main top. tro. Q 
EI 075411262118 30[2290j257 5[1448 975 
4 ob7S|114511712]2168|2 5121500 1906 2000 
5 0©518[0899|1405}1898[231 51632 1830 4150 
12 025410476{0910[1403|1898Þ189; 2819]1704|1600] 6268 
14 01151022010; 35]1057]1590Þ2074 1362 7334 
D 0714{i1941176G62217]2538Þ1 500 1961 1999 
i 0016072165 1021344248197 1918] 3070 
11 04490336 13701187212257]1793 1848 4144 
| K 011004120870[135111773]2106 1068] 5212 
"x the middlelie | 0614106616162 1 3612644 — 
eee FF 0141046 7378 101 — „ 


NS. The Loxpox EasT IxpTA Ship 630 Tons, 2730 212 Feet. 
Timbers Diagonals. eighth of brea. Half brea. ne 
names. it. | 2d. | 3d. | 4th. | ;th. low. | upp.| top. I main top. tro. & 

@© 143925881388014720|;5210]3230[3654[001443074[2980 
4 13741247613790[46 36]: O12 302312966] 4152 
12 1140120403 300[4252 036c43461]2820] 8296 
20 0O360[1148]21821]3270 669883 1700258012. 
24 0O22510546|137212430 6920j2974|2420J145206 
D 1276[2485[378414632 6012136240298 
H 126422763 5860448 1 6036035661291 
M 10120188603 12004116 609010341628 12 
O 0578 13402577 3652[4 6152318602712 
e dee 1110 2020333046400595 
de fta“ |} I 1061202013226.4407 » 3 


N*-9, The BONETTA 398 Tons, 2723==12 Feet. 
4 Timbers 5 Diagonals. [Hcighth of brea. Halt brea. e 
names. iſt.] 2d. | 3d. | 4th. | 5th. low. ſupp. | top. main top. Þro D 
@ 09151170712935[393 4011270473026 523203200j2 521 | 
g 084211548]27971377514402127901395415 3001314012474] 4599 
18 Oz1Cc{og;et|1go00[2898[36goÞ2410}3660{5508Þ273 3/223} 9198 
24 O200[0354o8g0[1666|2422Þ4 1 50} 320374018 36]rog6]t 2264 
26 0O120j016Q&[0498|1082[171004410[458. 58 3211244 1242113284 
1 08101152412766137561446028 30131 3615320(3142] 514] 4364 
P 053911044[2047|3060[375132921358013550,2708[2330 7430 
R 02200401 550j2510[32203 52213800[5078;2290[2040] 5470 
8 0362 117442090 2756 3677 395 : 57641194 17494 9000 
e 4 227460. 
bus dale regs 07061315236 113400ʃ4 4303 — — — 


Ne 10. 


DI ENSTONS fer forming the BODIES. 


The T HAM ES 340 Tons, 2745=12 Feet. 


181 


Timbers 
names. 


n © & ow vn © 


Heighth of !h* diazonals 
on the micdie line 
D:Rance from ditto on 

the baſe produced 


155 


12099 
47434 


2d. 
1731 
I441 
O913 
0334 


1647 
1240 
0931 


3d. 


2909 
2608 
1920 
0995 
0653 
2826 
2315 


1361 
2682 


1439 


1909 


2419 


= 


297 


535412600 
539842310 


6-4 


fManre of 


frames 


4 1 
þ 3190 


6157 
7272 
7950 


Ne II. A FRENCH Privateer of 372 Tons, 2730==12 Feet. 


Timbers 


IN + SN 


bed to to 


POE 


Heiphth of the diapon 
on the middie 1:ne 
Diſtance from ditto on 

the daſe prucuc.d 


Nt 12, 


Diagonals. 


01060518 
0800116717 
0806116202880 


2d. 
1753 
15306 
1010 
0370 
0116 
1544 
1238 


0986 


3d. 


2746] 
2480 


1790 
1754 
0279 
2449 
1990 


161602 


1088 
2472 


— 


A S HIP of 162 Tons. 2702 212 Feet. 


Timbers 


Heighth of the diagonals 
on the middle line 

Diſtance from ditto on 
tbe baſe-produced 


A2 2 


Diagonals. Heighth of brea Half brea. 
LEE Wop. 20g. gin 
09141165212 5001301803218 308[2 590138 382494 
081411486|234c|289813138 2664039262430 
053509621 5902 220026924 — 42926472226 

_ 026010504109 611 go 317914 34c2020 
0090[02171051c11034|1670 3317144441888 
o0800{1458[233412916[3175 2668038982465 
063001 140018927846 290 284239742318 
0298607761486 K110ʃ2 0 3010040262066 

010010716 126411622 3232140901 361 
071611300|2116]2920]3652 
O712|1 300}218713132 4160 


Heighth of brea.JHalt brea „s 
5th. low. top. main top. [tr. @| 
36862762 4514132422734 
3578½ 830 45302167110 3948 
313443082 470813030 2584] 7876 
204013608 3062126002280 JI11812 

5260 2364021 10113294 
46000309602 66 3700 
4700028102 548] 5674 
4752326024861 6670 
48 344208412 398] 7648 


"RR Ons 


—— —— — — — 
— 
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A Fiſhing SMACK, 114 Tons, 2723 212 Feet. 


* 


Timbers 
games. 


Heighth of the diagonals 
on miadte line 

Diaance trom ditto on 
the bale pruduced + 


Ne 14. 


Heighth of brea.ftialt brea 


Liagonals. 
1ſt. | 2d. | 3d. | 4th sth. low. top. [main] top. 


R —_____—__ 


— 
_— 
"Io 


fro. 


Dance ot 


frames ( 


068 10131602 1000267203 1431920 3310024002031 
0554110119142 500ʃ 29882042 3180 
032110660]1366]2090[2098Þ2211 
0186042411026]1728]2418]2 3 36! 
0098[02 160065 3Þ1 300[1 9602 504 
062801234203 126003064930 
0566|11021[1872]2450[2915]-020 
044010861]1522]2108|2 580] 176 
012407261 345118 14]2600 


2 36112000 
3200]21 531800 
3278819301608 
3386185211348 
340023612024 
3508224801930 
362011968 168; 
35001 3 30|1000 


| 


050011000]: 82012 04.4134 56} —— 


En 


o0500[1000118201[264413456I— | — 


A SLO OP of 50 Tons, 5462 212 Feet. 


Timbers 
nanics. 


2 


W C4 


1 
J. 


& Go +> 


l 


* 


— 


4 
H-iohth of the diagonals 
on the midule Irre 1 


Diſtance from di: o on 
the daſe produced 


Diagonals. Heighth of brea.gHalt brea. 


ams 


—— — 


Iſt. | 2d. | 2d. | 4th. | 5th. How. | upp.| top. main top. br 


1422/2547/3684|4724/56981956[2770/419013570|3303 
1400[2518]365;7]4710|5076J2025|278214104]35701]3 303 
I23412235133541445215454]2295[2 900142 571349413252 
08 54164802665 38084882 2770032164465 321613022 

2812 
137224580339 84 6700663442002 800429603 548132 52 


053611 174 2112 324414424 305213408 4606 2985 


127802 280034000448 445454 193]291 514412134 30[3154 


1116619930300 14045498 12444]3113 457883112 2882 
39802873 3432147902 3880 200 


055811338 22643214 


I12912024|3110{4352 3778. — l 
112002020 283803 583142 50þ——|——- 


| 


Theſe tables of dimenſions are fo particular that one example will be 
{uflicient to illuſtrate their uſe in laying down any of the ſhips. 
Let it then be required to lay down the Beretta pink, which in the ta- 


bles is NP g. 


398 Tons. 


1/7. Draw the line AB, upon which erect the perpendicular CD; and 
becauſe the main half breadth in the column is 3268, take that from the 
ſcale, and Jay it off from C to A, and from C to B, and erect perpendi— 
culars at A and B. | 

24. Look for the lower heighth of breadth, in the column ; which 
will be found to be 2704. Set up this from A to L, and from B to L, and 
draw the line IL, which will be parallel to A B. Set up alſo the upper 


heighth 3026, from A to V, and from B to V; and lay off 23 54, which 


by 


The Uſe the Tables of Dimenſions. 183 


by the tables is the radius of the upper breadth ſweep, from the points 
V and V; which will give us the center of the ſweep. 

30. Set up 5232, the heighth of the top timber line, from C upon 
the line C D; thro' which point draw a line parallel to A.B, and lay off 
2521. the balf breadth of the top timber, both ways upon it, from the 
line C D; and form the top timber by a mould, to break in fair with the 
back of the upper breadth ſweep. This compleats the upper part of 
the midſhip frame. 

4th, To form the lower part of the midſhip frame, draw the five dia- 
gonals ; their heighths from the point C, upon the line C D, and their 
diſtance from C, upon the line AB produced, is given in the proper co- | 
lumns. The heighth of the fifth diagonal is po, which ſet up from 
C to 5: The diſtance from the middle line upon the baſe is 4393, which 
lay off from C, upon the baſe produced; and draw a line to this point 
from 5; which will be the upper or fifth diagonal. In the ſame manner are 
the other diagonals drawn,by taking the numbers from the proper columns, 

5H. Lay off 4616 from 5 upon "the fifth diagonal, 3934 from 4 upon 
the fourth, 2935 from 3 upon the third, 1707 from 2 upon the ſecond, 
and g15 from 1 upon the firſt diagonal : A curve pafling thro' theſe 
points, and the main breadth at the lower heighth will form the midſhip 
frame to the floor head. A ſtrait line to touch the curve in this point, 
drawn to the upper edge of the keel, compleats the whole midſhip 
frame. 'The points in the diagonals are in the column correſponding 
to &: 

In like manner we may find points in the diagonals, for all the other 
timbers, and alſo for their lower, upper, and top timber heighths of 
breadths and half breadths, from the dimenſions in the proper columns 
correſponding to each; and by theſe form the timbers. We may like- 
wiſe ſtation the timbers in the ſheer and floor planes, the diſtances of each 
from & being in the proper columns, and alſo form all the curves that 
are neceſſary upon theſe planes. But as our plate will not contain this, 
we ſhall only lay down the ſtem, poſt, counter and ſtern. 

In order to do this, draw the line Z X, to repreſent the upper fide 
of the keel; and at any convenient place erect a perpendicular for the at- 
ter timber 26: The diſtance of this timber from Y, is 132543 and the 
wing tranſom from G, is 14744; which therefore is 1490, abaft timber 
26. The heighth ot the wing tranſom is 5440. Set up this from the 
line Z X, upon a perpendicular erected to the point W 1490, abatt timber 
26. The diſtance of O from the fore part of the poſt is 12994, which 


ſubtracted from 13254, remains 260, Lay this off from 26 to P, and 
draw 


184 The Uſe of the Tables of Dimenſions, 


draw the line P W for the fore fide of the poſt. The counter is 22 50 
abaſt 26, which lay off on the line Z X, and erect a perpendicular, upon 
which ſet up 5680 to c, which is the heighth of the counter. The up- 
right'of the ſtern at the ſheer rail, is 2370 abaft timber 26, which ſet 
off from timber 26 upon the line Z X, at that point erect a perpen- 
dicular to s, and draw the line cs, which may be produced to the 
heighth of the ſtern, as in the plate, We may then form the coun- 
ter; where it muſt be obſerved that a pink has no tranſom. We 
have only aſſumed the point W to determine the rake of the poſt. Tim- 
ber 26 is 13254 from O, and timber 24 is 12264 from S. Therefore 
the diſtance betwixt them is 990, which ſet off from 26 to 24, gives 
the ſtation of that timber; and by the ſame manner, the ſtations of the 
other timbers may be found. 

Having thus laid down the ſtern, we ſhall in the next place lay down 
the ſtem. Erect the perpendicular X T, to limit the fore part of the 
ſtem; upon which ſet up 5526, the heighth of the aft fide of the ſtem 
from X to T, and let h be the aft fide of the head. The head of the 
{tem is 10266, and the touch of the ſtem is 6826 before , therefore 
the diſtance betwixt them is 3440, which ſet off upon the line Z X, from 
a perpendicular let fall from Y; this will give the point f, the touch of 
the ſtem, where erect a perpendicular, and fet up 3296 too; which 
will give the center of the lower ſweep of the ſtem. The radius of the 
upper ſweep is 7080, and 7 the center; and theſe two ſweeps will form 
the ſtem, We may now ſtation the timbers F, I, M, P, R and 8, as in 
the plate; for as the touch of the ſtem is 6826, and timber P 74430 be- 
fore ; P will be 604 before the touch of the ſtem. We have in the 
plate laid down the main and top timber half breadth lines, alſo the riſ- 
ing and narrowing of the floor and floor ſweeps. After the ſame manner 
any of the other ſhips may be laid down from the tables. FN 

Having now given the principal dimenſions, we ſhall in the next place 
give the ſcantlings. | 
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N. B. The ſtern poſt is the ſame thwartſhips with the keel below, and the head ſquare, if to be had. 


Of the ROTHE R. 


HE general method is to make the breadth of the rother, 
at the lower end in large ſhips 3 or 2, and in ſmall ſhips 
e Of the extreme breadth of the ſhip ; but this cannot be eſta- 
bliſhed as an invariable rule, for a full built will require more ro- 
ther than a ſharp-built ſhip, and it will be neceſſary ſometimes 
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to have a piece, fayed to the aftſile of the rother, called a back. 


As to the ſcantlings, the head of the rother, if it can be had, 


may be 3 or 4 inches bigger than the head of the ſtern poſt thwart- 


ſhips, and two inches bigger afore and aft than thwartihips. 


For the fake of ſuch of our readers as are not acquainted with 
the terms relating to ſhipbuilding, we ſhall conclude this ſecond 


part with the following gloſſary. 


A 


GLOSSARY, 


TT C”T THR, 
Of TERMS relating to 


SHIPBUILDING. 


EAMS, are the large pieces of timber, which are laid acrofs the 
' ſhip; their ends are lodged on the clamps, and being bound by 
knees to the fide, Keep the ſhip to her breadth. 


BO W, is the round part of the. ſhip, forward. That on the right hand, 
with one's face forward, is called the Starboard, and that on the left 
the Larboard-bow ; they both unite at the ſtem. 


BREAST-HoOOKSs, are large knees fayed acroſs the ſtem to both bows, 
into which they are bolted. 


CARLINGS, are ſquare pieces of timber, lying fore and aft from one beam 
to another, into which they are ſcored, 


CATHEAD, is a large ſquare piece of timber; one end of it is faſtened 
upon the foreeaſtle, the other end projects without the bow ſo faras 
to keep the anchor clear of the ſhip when it is heaving up by a tackle, 
the block of! which is called the Cat-block : The rope which paſſes 
thro' the ſeveral ſhivers of the block, and extremity of the cathead, is 
called the Cat-fall, 

B b CLAMPS, 
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188 1 
CLAurs, are thick planks, which ſupport the ends of the beams. 


CounTER. The hollow part of the ſtern above the wing-tranſom is cal- 
ed the lower, and that part betwixt it and the lower part of the cabbin- 
lights is called the upper or ſecond Counter. 


DE: ap woo, conſiſts of large pieces of timber laid one upon another, upon 
the keel, afore and abaft, where the ſhip is ſo thin as not to admit 
of ſufficient ſubſtance for the two half timbers, which are therefore 
ſcored into this dead wood. The half timbers are uſed when, by 
reaſon of the ſharpneſs of the floor, one piece of timber cannot be 
had which will make a floor-timber. 


Decks, are the ſame in a ſhip that floors are in a houſe, and are denomina- 
ted, according to their heighth, lower, middle, and upper: Beſides 
which, there isa deck which covers the cabbin, and reaches from the 
ſtern near to the main-maſt ; this is called the Quarter-deck. In ſome 
ſhips there is an apartment above the great cabbin, called the Round- 
houſe ; the deck which covers it is called the Poop. Another deck 
covers the forecaſtle, which is an apartment in the fore-part of the 
ſhip, in which is the cook-room, 


Far, is to fitt two pieces of wood ſo as to join cloſe together. The plank 
is ſaid to fay to the timbers when it bears, or lies cloſe to all the 
timbers, | 


FI 4RPINs, are the fore-part of the wales which go round the bow and are 
faſtened to the ſtem. 


HAwsSE-PIECES, are broad timbers in the bow of the ſhip, thro' which 
there are holes cut for the cables to pals. 


Heap, is ſome figure, often that of a lion, carved as an ornament for the 
fore- part of the ſhip. There is a large piece of timber fayed to the ſtem 
upon which the figure reſts; this is called the Knee of the head, and 
by reaſon of the great breadth at the the upper part, it is compoſed of 
ſeveral pieces: It is let into the head, and faſtened to the bow. on each 
fide by knees, called the Cheeks of the head. The head is ſupported 
by rails, which extend from the crown of the figure to the cathead. 


HEEL. The lower part ofa maſt, or any timber, is called the heel, and the 
upper part the head, 
KEEL 


EXPLICATION, Ge. 189 


KEEL, is the principal piece of timber firſt laid upon the blocks, which 
ſupports the whole ſtructure, When this cannot be had of a ſufficient 
depth in one piece, there is a plank faſtened to the bottom, called the 
Falſe Keel, which ſerves likewiſe to ſave the bottom of the main keel. 


KEELSON, is fayed over the floor-timbers, and bolted thro' them into the 
keel. | 


KNExs, are crooked pieces of timber. One leg or arm is bolted to the 
beams, and the other to the ſhip's fide. They are either lodging or 
hanging. The hanging knees are fayed up and down, and the others 


fore and aft the fide, and reſt upon the clamps. 


L1MBER-BOARDS, are ſhort pieces of plank, fayed next to the keelſon, 
which may be taken out to clear the limber-holes, that are left ei- 
ther below or above the floor-timbers, for a paſſage for the water to the 


pump. 


RABBET. When a plank is to be faſtened to any piece of timber, ſuch as 
the ſtem or poſt, there is ſo much wood cut out of the piece as the 
plank is thick, which is called the Rabbet; and when the plank is 
let into this rabbet, it will be even with the outſide of the piece, as at 
the after-end of the keel, and lower end of the ſtern-poſt, 


RaiLs, are narrow planks, generally of fir, upon which there is a moulding 
ſtuck. They are for ornament, and nailed acroſs the ſtern above the 
wing-tranſom and counters, c. They are likewiſe nailed upon ſe- 
veral planks along the ſides; one in particular is called the Sheer-rail, 
which limits the heighth of the fide from the forecaſtle to the quarter- 
deck, and runs aft to the ſtern and forward to the cathead. The 


wales are nearly parallel to this. 


RoTHER, is a piece of timber, or ſeveral pieces faſtened together, and 
fitted to the ſtern-poſt, to which it is hung by irons, whereon it moves, 
and thereby the ſhip is ſteered, 


SCANTLING, is the breadth or thickneſs of a piece of timber. 


SCARPHS, When two pieces of timber are joined together, ſo that the end 
of the one goes over the end of the other, being tapered ſo that the 
one may be let into the other and become even, they are ſaid to be 
ſcarphed ; ſuch are the keel-pieces. But when the ends of the two 

B b 2 pieces 
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pieces are cut ſquare and put together, they are {aid to butt to one ano. 
ther ; and when atiother piece 1s laid upon, and faſtened to both, as is 
the caſe in all the frame-timbers, this is called ſcarphing the timbers , © 


and half the piece which faſtens the two timbers together is reckaned 
the length of the ſcarph, 


STEM, is that circular piece of timber where both the fides of the ſhi 
unite forward. The lower end of it is ſcarphed into the keel, and the 
bowſprit reſts upon the upper end of it. | 


grers, are large pieces of timber fayed acroſs the keelſon, into which the 
heels of the maſts are fitted. 


STERN, is the after- part of the ſhip, in which are all the cabbin- lights. It 
likewiſe includes the ſtern - frame, which conſiſts of the ſtern-poft, 
tranſoms, and faſhion- pieces, all faſtened together. 


STERN-PosT, is that ſtrait piece of timber at the after- end of the ſhip, 
which unites both the fides. The heel of it is tenanted into the keel, 
and the wing - tranſom faſtened at the head of it. 


Ting ERs, in a ſhip, are as the ribs in the body, and ſerve to ſupport the 
ſides, the planks being all faſtened to them; the two aftermoſt are call- 
ed Faſhion- pieces; they ſupport the ends of tranſoms. The two 
timbers, forward, at the cathead, are called Knuckle-timbers. [For 

the names of the other timbers, ſee Chap. III., Sect. 3. Part II. 


Tock-ſquate, is, when the heels of the faſhion-pieces are let in upon the 
poſt, at which place the heighth of the tuck is fixed. 


Warrs, are planks, thicker than the reſt, brought about the outſide of 
the ſhip, in the wake of the decks. 
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Of Tyigonometry by tabular Caltulation from a Table of uu- 
tural Hines. Tangents and Secants. 2 


E have in the firſt paft explained the doctrine of trigonome- 
tfy, ſo fat ab to give a ſolution to all the varieties geome- 
trically by feale afid compaſſts. We come now to ſhew 
how to perform the ſame arithmetically by a table of na- 

tural ſines, tangents and ſeeants; If order t6 which, it will be abſolutely 

neceſſary to ſhew how this table may be evniſtracted; 


Ty Confiruf a Table of natural Sines, Tangents and Secants, to a Radius 
of io00d equal Parts. 


Deſcribe a quarter of a circle, and let the radius be 10000 equal parts. 
Divide the arch inte go degrees, and draw fines, tangents and ſecants to 
every degree, as directed in making the plain ſcale. Meaſure each off theſe 
ſeperately, by the ſame line of equal parts that the radius was taken from, 
and ſet down the numbers contained in each, in proper columns corre- 
ſponding to every degree in the quadrant, as in the following table, where 
it is done only to every fifth degree, being ſufficient to ſhew the nature 
of the table, which has been calculated to great exactneſs, by numbers 

15 for 
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Of natural Sines, Tangents and Secants. 


Crap. I. 


for every minute to a radius of 100,000 ; but in practice the logarithms 


of thoſe fines, tangents and ſecants are uſed. 


A Table bat; TANGENTS and SECANTS. 


Deg. | Sines. | | Tang. 1 1 1 — 
5 | 871 | 9962 | 875 | 11430 | 10038 | 11473 |! 

To | 1736 | 9848 | 1763 | 56713 | 10154 | 57588 | + 

15 | 2588 | 9659 | 2679 | 37320 | 10353 | 38637 | 

20 [ 3420 | 9397 | 3639 | 27474 | 10642 | 29238 | 70. 

25 4226 | 9063 | 4663 | 21445 | 11034 | 23662 | 65 2 
30 3000 | 8660 | 5773 | 17320 | 11547 20000 0 — 
35 5735|_ $191 | 7002 | 14281 | 12208 | 17434 | & 25 

49 |_6427 | 7660 | 8390 | 11917 | 13054 | 15557 | 
45 | 7071] 7071 | 10000 | 10000 | 14142 | 14142 | T4 
# | | Sines. { Tang. 2 | Seca. | _Deg. 


This table gives by inſpeetion, the ſine, tangent, or ſecant of any arch, 
or number of degrees therein expreſſed, if the radius of the circle be 
10c00 ; and becauſe, as the radius of a circle is to the ſine, tangent, or 
ſecant-of any arch of the ſame circle, ſo is the radius of any other circle ; 
to the ſine, tangent, or ſecant of a ſimilar arch of this other circle, as 
proved in Prop. 8. Chap. 3. See. 2. Part 1. 

Therefore we may find the ſine, tangent, or ſecant of any arch, in 
any circle, provided the radius be known, by the following 5 

As the radius in the table. 

Is to the ſine, tangent, or ſecant of any arch in the table. 

80 is the radius of any other circle. 

To the ſine, tangent, or ſecant of a ſimilar arch of this other circle. 


ESE xqSAMPF 4:3 
Required how many feet in length is the ſine of 35 degrees, ſuppoſing 


the radius to be 130 feet. 
The tabular radius is 10000, the fine of 35 degrees in the table is 
5735; therefore by the rule of three. 
10000: 3735: 130: 74 Foes, Or 74 3555 
| 130 | 
172050 
7 4 1 
11000) 7415550. 


If 


* 


Sect. II. Of artificial Sines, Tangents and Secants. 9} 

If the length of the radius of any circle, and the length of a ſine, tan- 
gent, or ſecant of the ſame circle be given, and it be required to find the 
arch; the proportion will be, 

As the given radius of any cirele 

Is to the given ſine, tangent, or ſecant of the ſame circle: 

So is the radius in the table | | 

To a fine, tangent, or ſecant in the table; 
which muſt be found in the table; and correſponding thereto in the co- 
lumn of degrees, is the quantity of the arch required. 


ener 
Let the radius be 500, and the given fine 383 ; then 


500: 383 2: : 10000 : 7600 
+ = 
zloo. 38 3ooloo(7660, and this found in the column of 


fines in the table, correſponding thereto, is 50 degrees the quantity of 
the arch required. 


uſe the table of logarithms. 


SECT. II. 


Of artificial SINES, TANGEWNTS and SECAMNTS. 


E obſerved in the firſt part, that the fides of a right angled tri- 

angle were diſtinguiſhed by different names, viz. hypothenuſe, 
perpendicular and baſe; and that by the angle, is underſtood that oppo- 
lite to. the baſe, which is ſuppoſed to be drawn acroſs the paper; and 
the perpendicular up and down, making a right angle with the baſe, to 
which angle the hypothenuſe is always oppoſite. 

The ſides may be conſidered likewiſe as fines, tangents, or ſecants, 
by which means, beſides the aforeſaid proper names, they will acquire 
another, which we ſhall call their firnames ; and theſe will vary according 
to the ſide made radius. 

If the hypothenuſe be radius, the baſe will be the ſine; and the per- 
pendicular, the fine complement of the angle. 


If 


It will be needleſs to give any more examples, as in practice we ſhall 


| 

f 
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If the baſe be made the radius, the hypothenuſe will be the ſeeant 
complement ; and the perpendicular, the tangent complement of the 
ſame angle as above. 

If the perpendicular be made the radius, the baſe will be the tangent, 
and the hypothenuſe the ſecant of the angle; all which has been demon- 
ſtrated in the firſt part. 

Hence, the whole buſineſs of trigonometry, may be aid to conkiſt 
either in finding a ſine, tangent, or ſecant, to a given arch, the radius 
being known; or if the radius, and either the ſine; - tangent; or ſecant be 
known, to find the arch; both which may be performed by a. due atten- 
tion to the two foregoing proportions: And: as any fide may be made ra- 
dius, there may be different operations for each caſe. 


All the various caſes of right angled triangles, are expreſs'd in the fol- 
lowing table, | 
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We PROrORTIONS for the ſeveral Solutions of the » fix Ka of Plane right- 
angled Triangles. 


Given [Requir. PROPORTIONS Radius. Calcs. 
R: Ine of the angle:: Hf 


Hypo. ol ane f R : fine comp. of the angle: en Are 
d 4 Sec. comp. of the angle: R:: H: B 1 
8 1 Sec. co. of the angle: tan. co. of the ang. : H; Baſe. | uf 
Sec. of the angle : tang. of the angle : : II B | 
Angle Perpen. Sec., of the angle: R.: H: P Perpen. 
= ine of the angle: R:: B: H 
* | L Sine of the ang. : ſine comp. A the ang: B: P 1 | 
and | and IR: ſec. comp. of the angle: B: H : 
1 ak : tang. comp. of the angle : B 1 Baſe * 
Tang. 05 the angle : ſec. of the angſe:: B: H Hp | 
Angle |Perpen. Tang. of the angle: R: B: E * 
. Sine cc comp. of the angle: K::Þ:H mY | 
Ferpen.] Hypo. Sine comp. of the angle: ſine of the angle: P: B o | 
Tan. co. of the ang. : ſec. co. of theang.::P: H 6 
e Tang. comp. of the angle : R R:P:B Baſe. | 34 
R: 12 of the angle: : P: H 1 
Angle | Wai R : tang. of the angle: P: B | r Mp 8 
Hypo. Angle H: B:: R: fine of the angle required Hypo. 
and | and B: H:: R: ſec. comp. of the angle required | Baſe. | ; 
Res. After finding the angles the perpendicular is found 3 
11 by caſe ,. or 2d. 


Bale | Angle B PF ::: R : tang. comp. of the angle required | Bate. 


and and [P: B.: R tang. of the angle required - |terpen 


After finding the angles the hypothenulſe is found en 
by caſe the 2d. or 3d. 


rerpen.| Angle] P: II:: R: ſec. of the angle required rerpen. 
and | and H: Pr: N: fine comp. of the angle required | Hypo. 


| After finding the angles the baſe 1 is found by 
Hypo.q Baſe. oi NA. or 3d. 


Perpen.| Hypo. 


It is evident from what has been ſaid, that the firſt thing to be done, 
in order to give a ſolution to any of the caſes, 1s, to make one of the 
fides radius; now if the thing required be a fide, any of the three may 
be made radius; for there is no neceſſity, for making the given ſide radius, 
but after the radius is fixed, then both the given and required ſides, will 


have particular ſirnames; the proportion for finding a ſide will always: be, 
Ce As 


* | | 
.196 TRIGONOMETRY. Crap, I. 
As the ſirname of the given fide, 8055 
Is to the ſirname of the required ſide: 
So is the given ſide 
To the required ſide. | 
If the thing required be an angle, one of the given ſides muſt be made 
radius, Which will determine the ſirname of the other ſide; and the 
proportion will be | 
As one of the given ſides, viz. that made radius 
Is to the other given ſide: 
So is the radius 
To the ſirname of the ſecond ſide. | | 
And when this-is found in the table, the quantity of the requir'd angle 
will be found in degrees and minutes in their proper columns. 024 
Note. If the thing requir'd be a fide, the two firſt terms will be either 
fines, tangents, or ſecants, to be taken out of the logarithmick table of 
ſines, tangents and ſecants; the third term will be a natural number, as 
miles, yards, or any other meaſure, the logarithm of which, muſt be ta- 
ken out of the table of logarithms; and, when the logarithms of the ſe- 
cond and third terms are added together, if from this ſum be ſubtracted 
the logarithm of the firft term, look for the remainder in the table of lo- 
garithms; and correſponding thereto in the proper column, will be the 
natural number, expreffing the length of the required fide, taken by the 
jame meaſure with the given fide. 
When an angle is required, we muſt not work for the angle itſelf, but 
for the fine, tangent, or ſecant of it ; the two firſt terms of the proportion 
will be natural numbers, and their logarithms muſt be taken out of the ta- 
ble of logarithms ; the third term will be a fine, tangent, or ſecant, and its 
logarithm muſt be taken ont of the table of artificial fines, tangents and ſe- 
cants; and then the ſecond and third terms muſt be added, and the firſt 
fubtracted from their ſum as before; the remainder muſt be found in the 
table of artificial fines, tangents and ſecants; and the quantity of the angle 
required will be found in degrees and minutes correſponding thereto, 
We hall illuſtrate the whole by an example in each caſe, by the tables, 
and alſo by Gunter's ſcale. | 
The general rule by the pen, is the ſame as in any other queſtion in 
the rule of three; and if we ule the natural fines, it will be performed, 
by multiplying the ſecond term by the third, and dividing the product by 
the ſic! term, the quotient will be the fourth term required; obſerving to 
make the firſt term according to the aforeſaid proportions, but it wh K 
, . 
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indifferent which of the other two is made the ſecond term, as they are 
to be multiplied into each other ee T0 eee 240301 21 

But as the natural fines, Cc. are calculated to ſeven places, this would 
make the operations very tedious, upon which account” their logarithms 
are uſed, and are had by the table of artificial fines, tangents and ſecants; 
if the table of logarithms, was made for natural numbers to feven places, 
we could find the logarithms of natural fines, &c, as eaſily as of any o- 
ther number; but even in that caſe, we muſt have a table of na- 
tural fines, Sc. and afterwards have recourſe to the table of logarithms, 
whereas by the table of artificial fines, &c, we have the logarithm at 
once. 240 | | / | Amn (OE tl 3 

This table contains every degree, and minute, of the quadrant ; if the 
number of degrees be leſs than 45, look for it at the head of the table; 
and for the minutes under Min. increaſing downwards on the left hand 
of the page ; but if the degrees exceed 45, look for them at the bottom 
of the page, and the minutes in the right hand column above M, in- 
creafing upwards; and when the degrees and minutes are thus found, the 
logarithmick fine, tangent, or ſecant, will be found in its proper column; 
obſerving if the degrees be found at the top, the word fine, tangent, or 
ſecant, muſt be found at the top, underneath which, right againſt the 
minutes, which muſt be found under Min. is the thing requir'd ; but if 
the degrees are at bottom, theſe words muſt be found at the bottom, a- 


bove which, and right againſt the minutes, which muſt be alſo found 
above M; is the thing required. | 


enn. 


Let it be required, to find the ſine, tangent and ſecant of an arch, or an- 
gle of 33045“. Here the degrees are leſs than 45; therefore look for them 
at the top, and the minutes under M ; right againſt which, and under 
the word fine, is 9.744739; under tangent, is 9.824893 ; under ſecant, is 
10.080 1543 but if the ſine, tangent and ſecant of 56* 157 were required, 
look for 56 degrees at the bottom, and 15 minutes over M; right a- 
gainſt which, and above the word fine, is 9.919846; above tangent, is 
10.175107; above ſecant 10.255261. ad Tt 

The degrees at the top begin at o, and increaſe to 44; the degrees at 
the bottom, in the firſt page, are 89, and decreaſe to 45; the one including 
the minutes, is always the complement of the other; fo that if it was 
required to find the fine complement of any arch, look for the ſine, and 
in the ſame line, you'll find the ſine of the complement. 


Cc 2 Thus 
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Thus to find the fine complement of 335; 453 look for the degrees 330 
at the top, and 45 in the left hand column under Min. the fine will be 
under the word ſine as before, 9.744739, and the ſine complement 
9.919846 in the ſame line above the word Sine; the like may be ſaid of 
the tangent complement and the ſecant complement. 

Having the logarithmick ſine, tangent, or ſecant, to find the degrees 
and minutes correſponding thereto. | 

This is only the reverſe of the former, for you muſt look over the ta- 
ble, till it is found, and if in a column that has the word fine, tangent, 
or ſecant, at thc top; the degrees are at the top; and the minutes in the 
left hand column under Min. but if it is in a column, which has theſe 
words at the bottom, the degrees are at the bottom, and the minutes a- 
bove M in the right hand column. 


3 K 


Let it be required to find the degrees and minutes, anſwering to the tan- 
gent, 10, 346337; this will be found over the word tangent, therefore the 
; degrees mult be at the bottom, viz. 65, and right againſt it above M, is 
45; ſo 659, 45%; is the arch required: But if the complement was re- 
quired, the degrees would be at the top, and the minutes under Min. v/z. 
24 15. Sometimes the exact number cannot be found in the table, in 
which caſe, all that can be done, is, to take the neareſt to it; ſo we can 
never err a whole minute, | 
To work theſe by ſcale and compaſſes, there is a line of logarithmick 

= fines, and a line of logarithmick tangents, upon Gunter's ſcales, conſtruc- 
| ted in the ſame manner as the line of numbers; for againſt 30 degrees, 
in the line of fines, is 5000 in the line of numbers, the natural ſine cor- 

_ reſponding thereto; and againſt 30 degrees, in the tangents, is 5773, the 
| natural tangent; the line of ſines is continued to go degrees, but the 
| tangents to 45 degrees; the tangents above 4 5 degrees, are the ſame with 
| their complements, for the radius, which is equal to the tangent of 45 
degrees, is a mean proportional betwixt the tangent of any arch, and 
the tangent of its complement to go degrees, which is the reaſon, that 
the line of tangents is numbered 1 and 89, 5 and 85, 10 and 80, Ce. 
The tables being thus explained, we ſhall in the next place ſhew their 
uſe in the reſolution of the fix caſes, of right angled triangles, 


CASE I. 


* 


en 2 


and pere e 0 
Fer the BA . E. 75 N . 


As the radius, or ſine of 909 © - \ EET ; 19.000000 
Is to the ſine of 569 157 — = © = 9979845 
So is the hypothenuſe 60 miles 141.7787 GT. 
To the baſe 49.9 miles J. 997997» 
For te PERPENDICULAR. | 
As the radius, or ſine of 90? — - - = _- 10.000000 
Ts to the ſine complement = the angle, or * Un > 330 45 9. 7447 39 
So is the hypothenuſe bo miles - 1.778151 
To the perpendicular 33.3 - 5 - +1.522890 


By GUNTE R's Scale. 


Extend the compaſſes from go on the line of fines, to 56? 157; the 
ſame extent will reach in the line of numbers, from 60 to 50 nearly, for 
the baſe; and the extent from go to 33945 on the line of ſines, will 


cular. 


CAS E II. 


Given the perpendicular 33. 3 miles, and the angle 56, 157; requir- 
ed the hypothenuſe, and baſe. 

To avoid working by the ſecants, let the hypothenuſe be radius, and it 
will be, 


For the HYPOTHENUSE. 


As the ſine complement of the angle, or fine of 330 45" com, arith. 0.255261 
Is to the radius, or ſine of 909 o. - - 10. 000000 


So is the perpendicular 33.3 miles - - 1.522890 
To the hypothenuſe 60 miles - 8 ＋ 1.778131 


In this, and ſuch like caſes, where the firſt term is not radius, inſtead 


of the logarithm of the firſt term, uſe the complement arithmetical of it, 
which is, what any logarithm wants of the logarithm of the radius; 
now this being always 10.000000, the complement arithmetical, will be 


found, by ſubtracting each figure in the logarithm, from 9g excepting, my 
r 


Sgor. II. TR IGONOME TR 7. 199 


Given the hy pothenuſe 60 bes, the ago 50', 15˙3 wake the} baſe ; 


reach in the line of numbers, from 60 to 33 + nearly for the perpendi- 


— — - 2 —_ 
— —— — —P — — — — x 


— — — —y—t.— — — 2 
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firſt towards the right hand, which muſt be ſubtracted from 10; as in 
this example, the logarithm of the fine of 33945 by the table, is 
9.744739, and by ſubtracting, as above directed, the complement arich- 
metical will be 255261; this is fo plain and eaſy, that by a little prac- 
tice, the complement arithmetical, will be as readily taken out of the ta- 
ble, as the logarithm itſelf, and then it muſt be added to the other two 
logarithms ; and when the logarithm of the radius is fubtracted from this 
ſum, the remainder will be the togarithm of the fourth term required ; and 

this will be the ſame thing, as if the operation was performed by the com- 
mon method, viz. by ſubtracting the logarithm of the firft term, from 
the ſum of the logarithms of the ſecond and third terms; in this exam- 
ple the ſum of the two is - - 11.522890 


Logar. of the firſt is 9.744739 


Sine 33" 45 9:744739 ) 
Radius 10.000000 A | 
Perpen. 33.3 miles 1.522890 Remainder 1 778 151 

11.322890 

2244732 

1.778151 


Now in ſubtraction as a leſſer number is taken from a greater; it is plain 
if any number be added to both, and then the leſſer ſubtracted from the 
gret er, it will make no alteration in the remainder ; and this is the ve- 
ry ci/> here, for 9.744739, is to be ſubtracted from 11.522890; if to 
each of theſe be added the complement arithmetical, v:2+ 0.255261; the 
ſum of the greateſt will be 11.778151; the ſum of the leaſt will be 
10,000000; and as all the figures in the leſſer number are cyphers, ex- 
cept the firſt to the left hand; the ſubtraction is performed, only by can- 
celling the firſt figure to the left hand in the greateſt number.. 


For the BASE. 


As the ſine complement of the angle or ſine of 335 457 com. arith. 0.255261 


Is to the fine of the angle 569 157 — - - - 9.919846 
So is the perpendicular 33.3 miles EN - - 1.322890 
To the bale 49.9 miles - - - - - +1 697997 


By the GUNTEC R's Scale. 


The extent from 339 45 to go® in the line of fines, will reach in the 
line of numbers from 33.3 to 60, for the hypothenuſe; and the ex- 
tent from 56 15'to 335 45 in the line of fines, will reach in the line 
of numbers, from 33.3 to 49.9 for the baſe. | 


CASE IIL 
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CASE : Ml 


ahn the baſe 49.9 miles, and the angle ,56* 1 wi the hypo- 
thenuſe, and perpendicular making the bee E u alu | 


For the HYPOTHE USE ha 
As ſine of the angle 560 1 is: Ps n. 1 0.080154. 


Is to the radius — | - = -  £0,000000 
So is the baſe 49-9 iniles: - 91038 - — 1497997 


To the hypothenuſe 60 miles +1.77815L 


For the PERPENDICULAR. 
As the ſine of the angle 569 1 5! comp. arith, = - 0.080154 


Is to the ſine complement 339 457 - - - 9.744739 
So is the baſe 49.9 miles - - X * _1.697997 
To the perpendicular 33.3  - = -  - +1.522890 


By GUNTE R's Scale. 


The extent from 56% 15! to go in the line of fines, will reach from 
49.9 to 60 on the line of numbers; for the hypothenuſe, and the extent 
from 56® 15, in the line of fines, will reach from 49.9 to 33. 3 on, the 
line of numbers for the perpendicular. 


CAS E IV. and V. 


Are Ay the ſame, only changing the names of the baſe and per- 
pendicular. 

Given the hypothenuſe 60 miles, and baſe 49.9 miles; required the 
angles and perpendicular. 


As the hypothenute 60 miles tt arithmetick 8.221849 
Is to the baſe 49.9 miles - - - - — 1.697997 
So is the radius - - - — - - 10.000000 
To the ſine of the angle 562 157 - - - 49.919846 


By G UNT E R's Scale, 


The extent in the line of numbers from 60, to 49.9, will reach in 
the line of fines, from go* to 56*, 15'; and when the angle is found, the 
other fide, may be found by Cafe I, or 3. 


CASE 
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GA 5 8+ vt. 


Given the baſe 49.9 miles, and perpendicular 33. 33 required the 
angles and hypothenuſe: 


Making the perpendicular radius, the baſe will be che tangent, and the 
proportion will be, 


As the perpendicular 33.3 1 ern pong arithmetical 8.477110 


Is to the baſe 49.9 - — 8 1.697997 
So is the radius, or tangent of 459 pO TAY | 19.000000 
To the tangent of the angle 36, 157 - . — _20.175107 


In this caſe, the firſt figure in the logarithm of 33.3 is a cypher 
therefore the next to it muſt be ſubtracted from 10, and all the reſt from 
9 as before, to find the complement arithmetical ; and when the three are 
added, the characteriſtick will be 20, the characteriſtick of the radius be- 
ing ſubtracted, there will remain 10; and this found in the table of arti- 


ficial ſines, tangents and ſecants, — it is 56* 15! the tangent of the 
angle required. 


By GUN TE R's Scale. 


The extent in the line of numbers from 33.3 to 49.9 ; will reach 
in the line of tangents, from 4.5? to a point in the ſame line, which is 
either 33*, 45" or 56*, 15'; and to bow which of the two it is; I find 
the extent in the line of numbers, is from a leſs to a greater, and there- 
fore it muſt be ſo in the line of tangents; ſo the point muſt be more than 

4.5* ol, and of conſequence muſt be 56*, 15“. 

Theſe are all the caſes in right angled triangles. We might here like- 
wiſe ſhew how to ſolve all the caſes in oblique triangles, but as the whole 
butinels of navigation may be performed without them, we ſhall apply 
the doctrine of right angled triangles to navigation. 

Now as navigation 1s a ſcience which teaches us how to direct a ſhip's 
way from one port to another; it will from thence follow, that the ſitu- 
ation, and diſtances of the places muſt be known. Our firſt buſineſs then 
mall be to ſhew how this may be attained. In order to this, it will be 


abſolutely neceſſary to underſtand the principles of geography, which 
Mall be the ſubject of the next chapter. 
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CHAP. H. Of GEOGRAPHY. 


SECT. I. Of SURVEYING f LAND. 


Eography is that ſcience by which we learn how to lay down, ei- 
ther all the places in any particular country, called, a chart, or 
map; or all the habitable parts of the world upon a globe. The firſt is 
commonly called ſurveying of land, and the latter is what is generally - 
underſtood by geography ; we ſhall explain both. 

The chief deſign of ſurveying, is to lay down all the places, in any 
particular piece of ground, upon paper ; by which means, their diſtances, 
and poſitions, from one another, may be had, with as much certainty, 
as if they were to be meaſured on the very ſpot of ground where they are 
ſituated. 8585 ; 

Let it be required to lay down all the places in the plane ABDE, 
vis. F, G, H, I, K, L, WM. : 

The inſtruments neceſſary for this purpoſe, are, a well graduated cir- 
cle, with an index, and fights, to take angles by; and a chain, line, or 
ſtaff, to meaſure diſtances by. 5 

Aſſume, (See Plate 10.) at any convenient diſtance from one another, 
any two points B and D, from whence, all the points in the plane, may 
be ſeen, place the circle with its center over the point B, and the index 
right over the diameter; move the circle, upon a pin provided for that 
purpoſe, till the point D may be ſeen thro' the fights, and faſten the cir- 
cle in that poſition; then move the index, till all the points, may be 
ſeen ſucceſſively, thro' the ſights, noting the degrees cut by the index, 
correſponding to each point then move the inſtrument, from the point 
B, to the point D, placing it fo, that the index being laid upon the 
diameter, the point B may be ſeen thro” the ſights; and then faſten the 
inſtrument, with its center right over the point D; move the index, till 
all the points, ſucceſſively, may be ſeen thro” the fights, noting the de- 
grees cut by the index, as before; then meaſure the diſtance betwixt B 
and D, which ſuppoſe 40 fathoms, or yards, &c. 8 | 

To lay this down upon paper, take 40 from any ſcale of equal parts, 
which lay off —_— any ſtrait line from 6 to d, at the point 6, make the 

ſame number o angles, equal to thoſe taken in the field; do the ſame 
at the point d, the — 1 the lines drawn from 6, with their 
corre- 
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G A $ R Fi. 


Given the baſe 49.9 miles, and perpendicular 33.33 required the 
angles and hypothenuſe: 

Making the perpendicular radius, the baſe will be the tangent, and the 
proportion will be, 


As the perpendicular 33.3 * nk promos arithmetical 8.477110 


Is to the bale 49.9 - - SP 1.097997 
So is the radius, or tangent of 459 OT OOO | 10.000000 
To the tangent of the angle 36 1 — 20.175107 


In this caſe, the firſt figure in the logarithm of 33.3 is a cypher; 
therefore the next to it muſt be ſubtracted from 10, and all the reſt from 

as before, to find the complement arithmetical ; and when the three are 
added, the characteriſtick will be 20, the characteriſtick of the radius be- 
ing ſubtracted, there will remain 10; and this found in the table of arti- 
ficial ſines, tangents and ſecants, againſt it is 56* 15] the tangent of the 
angle required. 


By GUNTE R's Scale. 


The extent in the line of numbers from 33.3 to 49.9; will reach 
in the line of tangents, from 455 to a point in the ſame line, which is 
either 33*, 45“ or 56*, 15'; and to huow which of the two it is; I find 
the extent in the line of numbers, is from a leſs to a greater, and there- 
fore it muſt be ſo in the line of tangents; ſo the point muſt be more than 

45 o', and of conſequence muſt be 567, 15“. 

Theſe are all the caſes in right angled triangles. We might here like- 
wiſe ſhew how to ſolve all the caſes in oblique triangles, but as the whole 
buſineſs of navigation may be performed without them, we ſhall apply 
the doctrine of right angled triangles to navigation. 

Now as navigation is a ſcience which teaches us how to direct a ſhip's 
way from one port to another ; it will from thence follow, that the ſitu- 
ation, and diſtances of the places muſt be known. Our firſt buſineſs then 
tall be to ſhew how this may be attained. In order to this, it will be 
abſolutely neceſſary to underſtand the principles of geography, which 
Mall be the ſubject of the next chapter. 
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SECT. I. Of SURVEYING LAND. 
Eography is that ſcience by which we learn how to lay down, ei- 


ther all the places in any particular country, called, a chart, or 
map; or all the habitable parts of the world 9558. a globe. The firſt is 


commonly called ſurveying of land, and the latter is what is generally 


underſtood by geography; we ſhall explain both. | | 
The chief deſign of ſurveying, is to lay down all the places, in any 
particular piece of ground, upon paper ; by which means, their diſtances, 
and poſitions, from one another, may be had, with as much certainty, 
as if they were to be meaſured on the very ſpot of ground where they are 
ſituated. FLY: | 
Let it be required to lay down all the places in the plane ABDE, 
viz, F, G, H, I, K, L, M. Ns 
The inſtruments neceſſary for this purpoſe, are, a well graduated cir- 
cle, with an index, and fights, to take angles by; and a chain, line, or 
ſtaff, to meaſure diſtances by. 
Aſſume, (See Plate 10.) at any convenient diſtance from one another, 
any two points B and D, from whence, all the points in the plane, may 
be ſeen, place the circle with its center over the point B, and the index 
right over the diameter; move the circle, upon a pin provided for that 
purpoſe, till the point D may be ſeen thro' the ſights, and faſten the cir- 
cle in that poſition ; then move the index, till all the points, may be 
ſeep ſucceſſively, thro' the ſights, noting the degrees cut by the index, 
correſponding to each point ; then move' the inſtrument, from, the point 
B, to the point D, placing it ſo, that the index being laid upon the 
diameter, the point B may be ſeen thro” the fights; and then faſten the 
inſtrument, with its center right over the point D; move the index, till 
all the points, ſucceſſively, may be ſeen thro' the fights, noting the de- 
grees cut by the index, as before; then meaſure the diſtance betwixt B 
and D, which ſuppoſe 40 fathoms, or yards, &c. 296.4 wy 
To lay. this down upon paper, take 40 from any ſcale of equal parts, 
which lay off upon any ſtrait line from 5 to d, at the point &, make the 
ſame number of angles, equal to thoſe taken in the field ; do the ſame 
at the point d, the . of the lines drawn from 6, with their 
d corre- 


* 


qual parts of the ſcale as BF does fathoms, 


204. , Of S THF SFT-20N 0; Src. I. 
correſponding lines drawn from d, will give the points 7, g, b, i, , I, m; 
and if we meaſure their diſtances from one another, by the fame ſcale that 
the diſtance of the points 5 and d was taken from, we ſhall have the true 
ſtance of the points in the field. | | 
For the triangles DF B, and g. F b, arg equiangular, by conſtruction; 
therefore h d: , :: BD: BF, but 6 4 contains as many equal parts of 
the ſcale, as B D does fathoms; therefore þ muſt contain as many e- 


As theſe are all the places that are ſuppoſed can be ſeen from the points 
B and PD, the adjacent places cannot be laid down without altering the 
two ſtations : ' Let the next two ſtations be K and M, from whence tak- 
ing the angles as before; all the places that can be ſeen from K and M. 
may be laid down in the ſame manner as thoſe ſeen from B and D. We 
may proceed in the ſame manner to lay down all the places in an iſland, 
or country, by continuing to alter our ſtation to places already laid down, 
*till we have gone over the whole; this. gives us the neareſt diſtance be- 
twixt any two places, but by the intervention of valleys, it will be im- 
poſſible to go the neareſt way in a mountainous country, g 

Another method is by actually travelling over the country, in a direct 
line, and meaſuring the diſtances by a wheel provided for that purpoſe. 
There muſt alſo be a contrivance to keep in a direct line, which may be 
done by ſetting a ſtake, at ſuch a diſtance from the place we ſet out from, 
that it may from thence be diſtinctly ſeen; we may then, by the help of 
the ſights, ſet ſeveral intermediate ſtakes in a ſtrait line between them. 
After we have travelled to the fartheſt ſtake, we may then place ano- 
ther ſtake at ſuch a diſtance, that from it, at leaſt two of the former 
ſtakes may be ſeen, by which it may be ſet in a direct line with them; 
and placing ſeveral intermediate ſtakes betwixt theſe two laſt ones, 
we may by them, produce the line to another ſtake, and proceed thro” 
the whole extent of the country. We may likewiſe keep in a direct line 
by the mariner's compaſs, of which, we ſhall only here remark, that 
wherever it is carried to, the needle will always point to the north, or its 
variation may be found. We do not propoſe this method as the moſt 
expeditious, neither is it ſtrictly true, or practicable, unleſs upon a plane; 
but as it agrees exactly with the plain ſea chart, we ſhall inſert it. 

Being now provided with a wheel, and mariner's compaſs, with fights 
properly fitted to it, let us ſet out from the point C, directly as the nee- 
dle points, ſetting a ſtake at every mile, till we arrive at the point A, ſo 
from C to A, is due north: in travelling along, if we ſee. any places ei- 
ther to the right or left, thro” the fights placed at angles to the needle, WT 

5 | | W 


Ekas- H. Of SURPEY ING. ” 


will be either due eaſt, or due weſt of us; we muſt meaſure their diſtance 
from the line C A, and alſo the diftance we are then from the point C, 
both which muſt be noted in a book provided for that purpoſe. When we 
arrive at A, the ſights being at right angles with the needle, we may ſet 
a ſtake at X, and move directly to it, fetting ſtakes at every mile as we 
go, and when we arrive at X, we may travel directly ſouth again to 8, 
meaſuring, the diſtances of all the places from the line X 8, as ſoon' as 
they can be ſeen thro? the ſights; we may proceed in the ſame manner, 
firſt going north or ſouth, then eaſt or weft, till we have gone over the 
whole country to be laid down, The lines A C and X 8, will be ſo near- 
ly parallel to each other, that they may without any ſenſible error be ta- 
ken as ſuch. | a 
Now in order to lay down this in a map (See Plate 10.) let the extent 
from ſouth to north be go miles, and likewiſe that from eaſt to weſt go 
miles; draw the line A C, and perpendicular to it, the lines A E and 
CF; draw alſo the line EF parallel to AC; fo theſe four lines will li- 
mit the map, let each be graduated into go equal parts, and at every 
tenth draw lines parallel to AC, and alſo to EF; ſo the whole map will 
be divided into nine equal ſquares. 
We. may now lay down all the places in the map from the notes 
taken off in the field, as for inſtance, if it were required to lay down the 
point Y, I find by my notes, I travelled 28 + miles due north from C, 
and 14 + miles due eaſt before I arrived at Y; therefore lay a ruler acroſs 
from 28 + upon the line AC, to 28 3 on the line EF; and take 14 + with 
a pair of compaſſes, which lay off by the edge of the ruler, from the 
line AC, and this will give the point v. 

It is very plain that no place can be laid down in the map, unleſs the 
diſtance and poſition of it, with reſpect to ſome other place be known; 
and when this cannot be meaſured by reaſon of its being inacceſſible by 
the intervention of ſeas, or otherwiſe we muſt have recourſe to cæleſtial 
obſervation; and tho' two places be ſo remote, that they cannot be ſeen 
from one another; vet we may by obſerving” the ſan, or ſome ſtar, at 
both places, find how far the one is to the northward, or ſouthward of 
the other ; we mult alſo find ſome way to know how far the one is to the 
eaſtward, or weſtward of the other, and when thoſe two are found, their 
diſtances and ſituation may with certainty be found by trigonometry. 

That we may comprehend, the manner, by which the ſituation, and 
diſtances of places, have been found; we muſt explain ſome principles of 
geography, which ſcience, confiſts, in giving a true deſcription, of all 
the habitable parts of the whole world, as was before obſerved. 
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SECT. II. 
Of che GLOBE. 


HE firſt thing we ſhall obſerve is, that this earth, and ſea toge- 

ther, is ſuppoſed to compoſe a globe ; the firſt geographers found 
out this, by obſerving, that in whatſoever place of the earth, they were ; 
their ſight was always terminated, by a circle, unleſs intercepted by hills 
or otherwiſe, and the obſerver in the center of it; the firmament at the 
ſame time, forming the half of a concave ſphere over his head, and tho' he 
moved his ſituation, for thouſands of miles, he till found himſelf in the 
center of a circle, and the point over his head continue at the ſame di- 
ſtance, which could not be, if the earth was flat; for ſuppoſing the 
obſerver placed at C, in the center of the circle HZ ON; (Plate 11.) 
then Z would be the point in the firmament over his head, but if he 


moved. upon the diameter, from O to G, he would then be under the 


point'D, which is much nearer to him, than the point Z was, when 
in C; but if the earth be allowed to be round, and the obſerver at J; 


Z will be the point over his head, but when he has moved to G, the 


point H will be over him, and at the fame diſtance from him, that 
the point Z was, when in C: Upon this account, they reſolved; to de- 
ſcribe the earth, not upon a plane, but upon a globe: For which pur- 
poſe, an artificial one was made, to repreſent the natural one, As the 
earth, was ſuppoſed a ſolid globe, the firmament, which every where ſur- 
rounded it, was ſuppoſed to be a concave ſphere, in which the ſun and 
ſtars ſeemed to move, for they were continually ſhifting their ſituation 
with reſpect to us, ſo that either the ſun and ſtars, or the earth muſt be 
in a continual motion, and tho' it is certain that the earth has the motion, 
we ſhall ſuppoſe the ſun, moon and ſtars to move round, and the earth 


immoveable in the center, being apparently ſo to our ſenſes, 


They likewiſe found, that the ſun, by his daily motion from eaſt to 
weſt, deſcribed an arch of a circle, aſcending one half, and deſcending 
the other, the ſtars, alſo deſcribing arches by their motion ; amongſt 
them, they obſerved one, ſeemingly not to change its ſituation, but al- 
ways at or near the ſame diſtance, from the point over the obſerver's 
head, while he continued his ſtation, or moved either eaſt or weſt : But 
when he moved, either ſouth, or north, the ſtar appeared either nearer 
to, or further from, that point, | 

They 


- 


E 
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They likewiſe found that the obſerver might move ſo far to the ſouth- 
ward till the ſtar would juſt diſappear, and the ſun, which at his firſt 
ſetting out, was a great diſtance from the point over his head at noon, 
was now right over him; from thence, they ſuppoſed the heavens, 
with all the ſtars, fun and moon, to be carried round the eatth once in 
24 hours, two points only being immoveable, one near. the aforeſaid ſtar, 
and the other diametrically oppoſite to it; by which motion, every point 
in the heavens, excepting thoſe two, would by every revolution, de- 
ſcribe a circle. FE : | | 


GEOGRAPHICAL DEFINITIONS. 


Def. 1. A globe, or ſphere, is a ſolid body, which has a point within 
it, equally diſtant from every point of its ſurface ; and may be conceived 


to be formed by the revolution of a ſemi- circle, round the diameter, which 


is ſuppoſed to continue immoveable. (As was obſerved in the firſt part). 
Def. 2. The axis of the globe, is that line paſſing thro' the center, 
round which the whole globe is moved, and may be termed a diameter, 
Def. 3. The poles, are the two points in the globe's ſurface, through 
which the axis is ſuppoſed to paſs ; theſe have no motion, one is called 
the north, and the other the ſouth pole. 
There are two globes uſed ; upon one, all the kingdoms of the earth 
are deſcribed, this is called the terreſtrial, or terraqueous globe, contain- 
ing all the land, and water : The other is called the celeſtial, containing 
all the conſtellations ; and tho' the firmament be ſuppoſed a concave, they 
may be duly repreſented on the convex ſuperficies of a globe; and ſuppoſ- 
ing it tranſparent, and the obſerver in the center, they would appear to 
him, in the ſame manner as they really are in the heavens ; the ſame cir- 
cles are deſcribed upon both, and are either great, or ſmall ; the planes of 
the great circles go thro' the center of the earth, and their diameters are 
the ſame with the diameter of the globe; the planes of the ſmall circles 
do not paſs thro' the center, they are parallel to the plane of ſome great 
circle, their diameters are leſs than the diameter of the globe, and con- 
tinually decreaſe, according to their diſtance from the plane of the great 
circle, to which they are parallel. 
Def. 4. Meridians, are great circles, interſecting one another in both 
poles, of which there may be an infinite number. 8 
Def. 5. The equator, or equinoctial line, is a great circle, cutting all the 
ANY at right angles exactly in the middle, being equally diſtant from 
Oth poles. =. | 
Def 6. The ecliptick, is a great circle croſſing the equinoctial in two 
| oppoſite 
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oppoſite points in ſuch a manner, that the planes of thoſe circles form 
an angle of 23 3o". m | 
Def. 7. The horizon, is that circle which terminates the fight ; ſup- 
poſing the obſerver at ſea, he finds himſelf in the center, and the fea and 
. iky uniting; It is plain, if he alters his ſtation, this circle will change 
, likewiſe ; ſo that it cannot be deſcribed upon the ſuperficies of the globe; 
it is called the viſible, or ſenſible horizon. 
Def. 8. The zenith, is that point in the heavens, which is right over the 
[ obſerver's head ; the oppoſite point in the other hemiſphere, is called the 
j | nadir ; theſe two points vary continually as the obſerver changes his ſtation, 
ö | In order to repreſent the horizon, and zenith by the globe, the axis 
is fitted in a braſs circle, in which it turns round; this circle then 
will repreſert any meridian, becauſe any place upon the ſuperficies of 
. ä the globe, may be brought right under it; this, with the globe within it, 
is placed in a broad wooden circle, the inſide of it is the ſame diameter, 
with the inſide of the brazen meridian; ſo the half of the globe will al- 
hl ways be under, and the other half over this circle; and the meridian may 
lj be ſo moved in the notches, as to bring any part of it to this wooden cir- 
cle; which is therefore called the real, or rational horizon, and is always 
parallel to the viſible, before deſcribed, as in the artificial globes they 
are both the ſame, becauſe the eye may be ſo placed as to ſee the whole 
half of the globe at one view; by the help of this circle; we may repre- 
ſent the horizon of any place, for it is only turning the globe upon its 
axis, *till the place is under the brazen meridian ; and then moving the 
meridian in the notches, till the point is go degrees diſtant from the ho- 
rizon ; for that point will be the zenith, and 1s equally diſtant from every 
point in the horizon, | | 
Def. 9. Azimuth circles, are ſuppoſed to paſs thro' the zenith, and 
nadir points, all divided into two equal parts by the horizon; thefe can- 
not be deſcribed upon the globe, -but are repreſented by a quadrant” of al- 
titude, which is a thin piece of braſs; that may be ſcrewed to any part of 
the brazen meridian ; and when this is brought to the zenith, the other 
end will move round upon the horizon; all theſe five circles, here de- 
fined, biſe& each other, and the globe into two equal parts. 
Def. 10. Parallel circles, are ſuch as divide the globe into two unequal 
parts, and are drawn parallel to ſome great circle; thoſe parallel to the ho- 
rizon are called parallels of altitude or almicanters, but are not deſcribed 
on the globe: Thoſe parallel to the equator, or the terreſtrial globe, are 
called parallels of latitude, and are actually drawn thro' every tenth de- 
gree of the meridian. . 
0 
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The equinoctial is divided into 360 degrees, and a meridian drawn thro” 
every tenth: One of theſe meridians is graduated, every quarter of it into 
go degrees; beginning at the equinoctial, and ending at each pole, each 
pole being 90 degrees diſtant from the equinoctial. z 
Tho' there are no more meridians, nor parallels, actually drawn upon 
the globe ; there may be an infinite number of both; for every place on the 
earth's ſurface, is ſuppoſed to be at the interſection of a meridian, and a 
parallel of latitude, which point may be found by the brazen meridian ; 
it is by theſe interſections, that the ſituations of places are determined. 

Def. 11. Latitude of a place, is an arch of the meridian, intercepted 
between the place, and the equinoctial ; and is either ſouth, or north, 
according as it lies to the ſouthward or northward of the equinoctial. 
Difference of latitude, 1s an arch of the meridian, intercepted between 
the parallels of two places. 
Def. 12. Longitude of a place, is an arch of the equinoctial, inter- 
cepted betwixt the graduated meridian, and a meridian drawn thro” the 
place, and ſometimes is accounted quite round the globe, and at other 
times it is accounted both ways, eaſt and welt. 5 
Difference of longitude, is an arch of the equinoctial, intercepted be- 
twixt the meridians, of two places. 
Def. 13. Departure, is the diſtance of any place from the meridian, 
taken upon the parallel of latitude of the place, and therefore is always leſs 
than the difference of longitude ; it is ſometimes called the meridional 
diſtance; of which in another place. 

Def. 14. Declination, is an arch of the meridian, intercepted betwixt 
the ſun, or ſtar, and the equinoxial. 
Def. 15. Tropicks, are two circles, parallel to the equinoctial 230 
zo! diſtant from it; that to the northward, is called the tropick of can- 
cer; that to the ſouthward, the tropick of capricorn, theſe two limit 
the ecliptick. 
Def. 16. Palar circles, are 23* 30“ diſtant from the pole, that at the 
north, is called the artick, and that at the ſouth antartick, 
From theſe definitions, the following inferences may be deduced. 
Inf. 1. Every point on the earth's ſurface, has a correſponding point 
in the heavens for its zenith, from which, if a line be drawn thro' the 
point aſſumed on the earth's ſurface, it will paſs to the earth's center: 
And the latitude of any place, is always equal to the diſtance of the ze- 
nith from the equinoctial. 

Inf. 2. Thoſe inhabitants of the earth, who have the pole in their ze- 
nith, have the equinoctial in their horizon, and are in go degrees A 

ä titude ;; 
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titude ; and thoſe who have the poles in the horizon, have the equinoc- 

tial in their-zenith,-and are in no latitude. x ET, | 
Inf. z. The elevation of the pole, above the horizon, is equal to the 

latitude of the place. (Plate 11. Fig. 1.) | hh | 
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Let P repreſent the pole, Z the zenith, A Q the equinoctial, HO 
the horizon; the arch A Z, is the latitude of the place by I,. 1. if to 
the arch Z P, be added the arch Z A, their ſum will be go degrees, be- 
cauſe the pole is 90 degrees from the equinoctial; but if to the ſame 
arch Z P, be added the arch PO; their ſum will allo be go. degrees, be- 
cauſe the zenith is go degrees from the horizon; therefore the arch P O, 
is equal to the arch A Z. | 

The globe being thus prepared, with the aforeſaid circles delineated up- 
on it, their next buſineſs was to find the latitudes and longitudes of places 
which they effected in the following manner, by celeſtial obſervations. 

As to the latitude, it is plain, that if there was a ſtar in the pole, 
there would be no more required, but to take its altitude or heighth a- 
bove the horizon, with a good inſtrument, which would be the latitude 
of the place: But as there is no ſtar in the pole, they were forced to 
take the leaſt and greateſt altitude of any ſtar near the pole, which by 
making an entire revolution round the pole in 24 hours, would be twice 
in the obſerver's meridian: Suppoſe then its leaſt altitude 48 degrees, 
and greateſt 52 degrees, the difference betwixt theſe is 4 degrees, the 
half of which muſt be the ſtar's diſtance from the pole; and this being 
added to the leaſt, or ſubtracted from the greateſt, gives the latitude ; for 
in the firſt, the pole is 2 degrees higher above the horizon than the ſtar, 
vrhich muſt therefore be added to the altitude 48, which gives 50 the la- 
titude, but when the ſtar is 52 degrees of altitude, it will then be elevated 
2 degrees above the pole; which being ſubtracted from the altitude, there 
remains po, the latitude as before. This way of finding the latitude 
viould require 12 hours difference betwixt the two obſervations, which 
therefore cannot be done at ſea, becauſe a ſhip in that time, may alter 
her latitude conſiderably ; neither is it practicable when the pole is near 
the horizon: But after they had found the declination of ſome ſtars, or 
their diſtances from the pole; it was then enough to find one of the alti- 
tudes, and when below the pole, the diſtance of the ſtar from the pole, 
added to the altitude, gives the latitude ; but it above the pole, . it muſt 
be ſubtracted from the altitude, the remainder is the latitude ; one exam- 


ple 
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ple will be ſufficient to illuſtrate this: Let the ſtar be at 10 degrees from 
the pole, and 5 O, the altitude, 40 degrees; the arch P O is the latitude 
by Inf. 3. but this is the ſum of the ſtar's altitude, and diſtance from the 
pole, which muſt therefore be 50 degrees the latitude of the place. 
But if the ſtar is in r, then 1 O, the altitude, is 60 degrees, and PO 
the latitude as before; therefore ſubtracting the ſtars diſtance from the 
pole, viZ. 10 degrees, from the altitude 60, there will remain 50, the 
latitude as before. But as theſe obſervations are made in the night, they 
cannot be depended upon at ſea ; we ſhall therefore ſhew how to find the 
| latitude by the ſun's zenith diſtance, or altitude when in the meridian of 
the obſerver. ; 

If the ſun was always in the equinoctial, his diſtance from the zenith, 
would be the latitude of the place, by Inf. 1. but that it is not fo, is e- 
vident, becauſe then the ſun would always riſe and ſet in the ſame 
points of the horizon, and his meridian altitude, would be the ſame eve- 
ry day to an obſerver while he continues in the ſame place ; therefore 
we muſt likewiſe know the declination at the ſame time that we have 
the zenith diſtance. | ; 

The geographers, by a daily obſervation of the ſun's 2 altitude, 
which always happens when he is upon the meridian of the place, that is 
at mid-day, found that an obſerver, who was above 237 30' diſtant from 
the line, had the ſun approaching his zenith, for one half of the year, 
and the other half receding from it, and after his neareſt approach, it 
was a Whole year before he came back to the ſame place ; they likewiſe 
found the greateſt diſtance from the zenith was juſt 47 degrees, more 
than the neareſt approach ; and from thence his greateſt diſtance from the 
line was 23* 30% and by keeping an exact account of his zenith diſtance 
every day, they formed tables of his daily declination, or diſtance from 
the line; ſo that we have now by inſpection, the ſun's declination on a- 
ny day of the month. | 1 | 

The table being thus made, the latitude will always be found, either 
by adding the zenith diſtance and declination together, or ſubtracting the 
one from the other, all the various caſes that can happen, ſhall be ex- 
plained in the next ſection; and we ſhall now proceed to ſhew how they 
found the longitude. 

To attain this, they conſidered that the ſun, and ftars in the ſpace of 
24 hours, return'd near to the ſame points in the heavens, in which they 
were at that time the day before, and conſequently moved 360 de- 
grees in the 24 hours, which in one hour would. make 15 degrees; ſo 
that if two places were 15 degrees to the eaſtward or weſtward of one 

Ee | | another, 


. 
—— — 


| another, thoſe in the eaſtermoſt place, would ſee the ſun, a, whole hour 
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before thoſe in the weſtermoſt place; and theſe laſt would fee the ſun an 
hour after it diſappeared to the others. 1 
' Now if the whole earth, ſhould be, at the ſame inſtant of time, de- 
prived of the light of the ſun, by the intervention of ſome opake hody, 
it would happen juſt at the ſun's riſing in fome places, whereas in other 
places the ſun would be upon the meridian, and in other places 15 de- 
grees from the meridian; in ſhort it would happen at different times of 
the day, to all the inhabitants of the enlightened hemiſphere, that lie un- 
der different meridians; and therefore, if the hour were exactly known 
at all thoſe places, from thence their difference of longitude might with 
certainty be found, for the difference of the hours multiplied by 15, 
will give the degrees; as ſuppoſing three places C, B, A, to thoſe at F 
let it be noon; to thoſe at A, let it be 10 in the forenoon ; and at C, 3 in 
the afternoon ; C would be the eaſtermoſt, for the ſun paſſed the meridian 
of that place, and got to the meridian of B, in three hours, which makes 
45 degrees difference of longitude that B is to the weſtward of C, but 
then the fun muſt move two hours more to come to the meridian of A, 
it being only 10 in the forenoon at that place, which makes 30 degrees 
difference of longitude, A is to the weſtward of B, and 75 degrees to 
the weſtward of C. RES 
As ſuch caſes of total darkneſs ſeldom happen, the longitudes of places 
are not much to be depended upon except where good obſervations, of 
the ſun, moon, or other heavenly bodies, have been made; ſometimes 
the longitude has been found by actual menſuration, or by good ſea 
journals; and by frequently going to the fame ports at laſt, tables of 
the latitudes and longitudes of the moſt remarkable places in the whole 
habitable world have been made ; and by theſe tables, all-the places may 
be laid down, according to their latitudes and longitudes upon the globe; 
as ſuppoſe it were required to lay down a place in 10 degrees eaſt longitude, 
and 20 degrees north latitude, or which is the ſame thing, to find a place 


upon the globe, in that latitude and longitude. Move the globe upon its 


axis till the brazen meridian cuts the roth degree upon the equator, on 
the eaſt ſide of the firſt meridian ; then look for the 20th degree upon 
the brazen meridian, and right under that is the place required. 
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Tr would be foreign to our deſign to ſhew how to ſolve all the geogra- 
phical problems by the globe; it will be of greater uſe in navigation, 
to ſhew how to delineate all the circles of the ſphere upon a plane, which 
may be done ſeveral ways; but as we have already explained the princi- 
ples of the orthographick projection of ſolids, we ſhall now make uſe of 
that way. (Plate 12.) | 
It will be very eaſy to conceive that if the globe were cut by a plane 
paſſing thro' the center; the ſection would be a circle, and when this 
plane paſſes thro' the poles, the circle will be a meridian, as in the plate; 
PAS Q, may repreſent the meridian of the place, P the north, and 8 
the ſouth pole; P S the axis; Æ Q the equinoctial; for tho” this is on- 
ly the diameter of it, yet becauſe the plane of the equinoctial is perpen- 
dicular to the plane of the meridian, it will be repreſented by its dia- 
meter, and for the ſame reaſon all the parallels of latitude, which upon 
the globe, are circles parallel to the equmoctial, will in this projection, 
be repreſented by their reſpective diameters, and drawn parallel to the 
line Q; each quarter of the meridian is divided into go degrees, be- 
ginning at the equinoctial, which will be all equal; but the degrees 
of the equinoctial, tho' upon the globe they are all equal, will here 
be unequal, and are repreſented by their reſpective ſines, beginning at 
the center: P S will repreſent a meridian deſcribed upon the globe, 
at right angles to the meridian, thro' which the globe is ſuppoſed to be 
cut; every other meridian will be repreſented by an elipfis, and may 
be drawn thro* every 10th degree of the equinoctial. The moſt expedi- 
tious way of deſcribing them, is by finding the points in every parallel 
of latitude, thro* which the meridians will paſs, which may be done 
by a ſector, or as readily without it; thus, Firſt divide the equinoctial 
into degrees, which being only a line of fines, will be the ſame as the 
conſtruction of the line of fines on the plain ſcale; and becauſe there are 
as many degrees in every parallel, as in the equinoctial, they muſt like- 
wiſe be divided into the ſame number of parts; and in the ſame proportion 
that the line Æ Q is divided into: Now let it be required to divide the 
parallel of 235 30“: Draw the line E C K, which will repreſent the e- 
cliptick, divide it into degrees, by fixing one point of the compaſſes 4 
"4 Ee 2 | ok 
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C, and with the other transfer all the diviſions of the equinoctial to this 
line, and thro' each diviſion, draw, a line parallel to the line P S, to in- 
terſe the parallel of 235 30% which will divide it into the ſame number 
of parts, and in the ſame proportion with the equinoCtial ; for EC n, is 

a right angled triangle, of which E C, the radius, or ſemi-diameter of 
the globe, is the hypothenuſe; E the radius of the parallel, or ſine 
complement of the latitude, is the baſe ; and Cn, the fine of the lati. 
tude, is the perpendicular. Now the lines drawn thro” the ſeveral diviſi-. 
ons of the line E C, will all be parallel to the perpendicular C mz; and there- 
fore conſtitute ſo many right angled triangles, all ſimilar to E CM. There» 
fore EC: EM:: Eo: Ex, that is as the radius is to the ſine comp. of the 

j latitude, ſo is a degree, or any part of the equinoctial, to a degree, or 

| proportional part of the parallel, After the ſame manner all the other 

| parallels may be divided: and the meridians drawn as in the plate ; there 
will be no occaſion to draw lines from the diviſions of E C to the parallel, 

| only lay a ruler parallel toP S, and mark its interſection with the parallel. 

il After the meridians and parallels are all drawn, the places may be laid 
down according to their latitudes and longitudes, in the fame manner as 
on the globe, but their diſtances cannot be meaſured fo eaſily ; we ſhall 
therefore ſhew how to do this without laying down the places, and alſo 
how to ſolve all the geographical problems neceſſary in navigation, by 
ſcale and compaſſes; and by this plate, with as much certainty as with 
the globe itſelf. 

The meridians,the equinoctial, with its parallels, and the ecliptick being 
thus delineated upon braſs, wood, or paſteboard, are made to move about. 
the center, within the circle Z HN O, which may repreſent a meridian. 
in the heavens; Z is the zenith, and becauſe the meridian Z HN O, 
paſſes thro' the zenith, Z H, and Z O will be azimuth circles of go de- 
grees each ; they are graduated both ways, to ſhew the altitude and ze- 
nith diſtance. H O is the horizon, the meridian's drawn thro' each 1 5th: 
degree, are the hour circles, and becauſe the ſun is the ſame diſtance 
from the meridian of the place at any hour in the afternoon, that he is in 
the forenoon, at the hour which is as much before as the other is after 
12; the meridian of 11 in the forenoon, will be that of 1 in the after- 
noon, as. they are numbered in the plate. When the pole is in the ze- 
| nith, the meridians will all be azimuths, and the equinoctial will be the 
vl „ | 
ſl The obſerver is always in that point of the circle P S Q, which is 
| directly ae Z, the points of the compaſs are marked on the horizon; 

1 and the ſun's place in the ecliptick to every fifth day of the month, 
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is marked on the line EK: This projection is called the analem- 
ma; when the north pole is above the horizon, the right hand quarter, 
viz. Z CO, will be eaſt, and the hours before fix in the morning, and 
after fix in the evening, will be on the right hand ſide of the meridian 
of ſix, which will always be repreſented by the line PS; the hours from 
fix in the morning to noon, and from noon to fix in the evening, will 
be in the left hand quarter, viz. Z CH, which is the weſt: When the 
ſouth pole is elevated above the horizon, that which was eaſt, will now 
be weſt, and the forenoon hours, will be the afternoon hours; the ſun 
will riſe in the left, and ſet in the right hand quarters. Tho” in this 
plate, the heaven's and earth coincide, yet in reality, they are at ſuch a 
diſtance, that the earth is accounted only a point; ſo that in all obſerva- 
tions, the obſerver is ſuppoſed at the center of the earth. 


Geographical Problems ſolved by the Analemma, and by Scale 
and Compaſſes. 


PROB. I. 
Given the ſun's declination and zenith diſtance at mid-day, or meridian 
altitude; to find the latitude of the place. 
This admits of three varieties. 


CAS E I. 


The latitude and declination both north, and the fun to the north- 
ward of the obſerver, or both ſouth, and the ſun to the ſouthward of 
the obſerver. | 


Note. This can only happen to thoſe within the tropicks. 


Rule, Subtract the zenith diſtance from the declination, the remainder: 
will be the latitude. 


TS 4AM P:L-©E 


Declination 209 Oo north? Latitude north. 
Zenith diſtance 10 oo! north 109 007 


But if the declination and latitude were both ſouth, and the ſun to. the 
ſouthward of the obſerver, the latitude would be 10 degrees ſouth. 
To delineate this by ſcale and compaſſes. vg 7 
Deſcribe the circle Z H N O, from Z ſet off towards O, the given: 
zenith diſtance 10 of to, and from Qſet off 20? o/ the given declination to: 
i a 3 
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« &, then & Z is the latitude, by Inf 1. or from M it off the complement 
of the declination 70 o' top, then O is the latitude by M. 3. By the 

analemma, ſet 20* o' from Æ towards P, to 101 O from Z counted to- 

wards O, then P will be againſt 10“ o from O, the required latituble. 


35 0 „ASB U. nf 
The latitude and declination both north, and ſun ſouth, or. both ſouth, 


and ſun north. TL; 
ll Rule, Add the declination to the zenith diſtance ; their ſum will be 
fl the latitude of the place. 5 + 


EX AMPLE 


[ Declination 20! 002 north Latitude. 
| Zenith diſtance 30“ oo“ ſouth 5 507 oO 


But if the declination were ſouth, and the ſun north, the latitude would: 
\f be 50 oo ſouth, = ; 4 
l By ſcale and compaſſes, ſet off the given zenith diſtance 30 oo! from 
| Z to zo towards , and the given declination from 30 to ; Z will 
i be the latitude. | 8 
ll By the analemma, ſet 20 oo! counted from Æ towards P, to 307 oo! 
counted from Z towards H; P will be againſt 50* oo! accounted from 
O, the required latitude. | 


CASE III. 


The latitude and declination of different names, that is the one north, 
and the other ſouth. 

Rule. Subtract the declination (which in this caſe, will always be the 
leaſt) from the zenith diſtance; the remainder will be the latitude. 


. 


Declination 139 oo! ſouth J Latitude. 
Zenith diſtance 65 oo ſouth J 50 007 


But if the declination was north, the latitude would be ſouth, - 

By ſc and compaſſes, deſcribe the circle Z HN O, from Z {et off 
the given zenith diſtance 65 degrees towards H, if in the north latitude, 
| but towards O, if in ſouth latitude, from 65, ſet off the given. declination 
[ 15 to A; then AZ is the required latitude.. IG 5. 
| y 
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By the * ſt go oO counted from A towards 8, to 657 oo! 
from Z towards H, and F will be againſt 50® the latitule. 

It is by this problem, that the latitude is found at ſea, when the * 8 
zenith diſtance is taken at noon; for which we may take tho following 
general rule. If the ſun and the equinoctial be both on the ſame fide of 
the obſerver, conſider which is neareſt the zenith; and if it be the ſun, 
the declination, and zenith diſtanee muſt be added; but if it be the equi- 
noctial, the declination muſt be; ſubtracted from the zenith diſtance; 

Thoſe that live within the tropicks, will ſometimes have the ſun on 
one ſide, and the equinoctial on the other fide of their zenith, and then 
the zenith diſtance muſt be ſubtrafted from the declination. | 

Thoſe that are ſo remote from the equinoctial, that the ſun performs 
the diurnal revolution above the horizon, wil! have him twice in their 
meridian every 24 hours: In this cafe, inſtead of the declination, take 
the complement of it, or the ſun's diſtance from the pole; when the 
obſervation 1s at 12 at night, or more properly when the ſun is neareſt 
the horizon, the latitude will be found in the ſame manner, as if the 
altitude of a ſtar was taken, which was fufficiently explained in the 


laſt ſection: But when the obſervation: is made at noon, it will be the ( 
ſame as in the ſecond caſe of, this problem. 


PR OB. II. 


Given the latitude and declination, to. find the ſun's . and the 
hour of his rift ing or ſetting. 


CASE I. * 


In order to ſolve this, it muſt be obſerved, that the ſun by his appa- 
rent diurnal motion, deſcribes circles nearly parallel to the equinoctial, which 
may be called parallels of declination, being the fame as the parallels of 
latitude betwixt the two tropieks. The ſun performs his revolution in 
24 hours thro all the meridians,, and when in the meridian of the place, 
it is either mid-day, or mid-night ; in the analemma, this meridian is 
that which limits the projection; the fun-will be all that day ſomewhere 
in the parallel of declination, and if a meridian be drawn thro' the point 
where the parallel of declination interſects the horizon, it will give the 
hour of his riſing or ſetting, and the degrees of the horizon intercepted 
between the ſun, and eaſt or weſt point ff the horizon, is the ſun's am- 
Plitude. 

This 
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This being premiſed, the following general rule will ſolve all the va- 
rieties of this problem by the analemma. | a 
Rule. Set the pole to the given latitude, and we have the amplitudes, 
and hour of the ſun's riſing and ſetting, for any day in the year in that 
latitude, by inſpectioun. e „ 
For the- day of the month being given, the declination may be found by 
the table, or by looking for the ſun's place in the ecliptick, on the ana- 
lemma; the degree of the horizon cut by the parallel of declination is. the 
tequited amplitude, and the meridian paſſing thro' the fun, when in the 


horizon; gives FF 5 „ 

y ſcale and compaſſes, deſcribe the circle Z H N O as before, Let 
the given latitude be 0 oo! north, and declination 230 3o' north. Set 
off by the line of chords 50 oof. from O to P, and draw the line P 8, 
and at right angles to it, the line A Q, which will repreſent the equinoc- 
tial; draw the parallel of latitude 230“ 3o', to interſect the horizon in x; 
thro' x draw a meridian, to interſect the equinoctial in y. Cx is the am- 
plitude meaſured on the line of fines, and C y meaſured on the ſame line, 
gives the degrees and minutes of the equinoctial before or after fix, which 


converted into time, gives the hour of the ſun's rifing or ſetting. 


E X AM P L LE 


In g0® oo north latitude. 


Decl. north. Amp, Sun riſe, ...... Sun ſer, 
Deg, Deg. 45 A. N. H. M. 
5 7 48 5 36 6 24 
10 15 40 5. 11 6 49 
3 2 4% 4. 46 7 14 
F 4. 7/4247 
F 3 55 8 05 


The amplitudes will be the ſame in ſouth declination, but the hours 
of the ſun's riſing, will be the ſame with the hours of his ſetting, when 
the declination was north. i | 


i | | 
| PRO B. III. 
Given the latitude, ſun's altitude and declination, to find the azimuth 
and hour. 45 r e ee RY 
By the analemma, ſet the pole to the latitude, lay a ruler, or ſtrait flip, 
of paper, acroſs the given altitude; this will interſect the given parallel 


of declination, The meridian paſſing thro' this point of interſection, 
| gives 
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ives the Hour; atthis point make a mark with a pencil upon the ruler, 
then move the pole to the zenith, fo as not to move the ruler; the me- 
redran that paſſes tro the pencil mark, will be the, azimwth circle paſ- 
ſing thro” the ſun, and it will cut the Horlzon in the. degrees and mi- 
nutes of the required azimuth. It will be proper to take the diſtance 
with a pair of compaſſes, between the ſun, and the line T O, or T H; 
in caſe, the relet ſhould flip by moving the pole to the zenith. 

By ſcale and compaſſes; let the given latitude be 30 o/, declination 
24” zo“ both north, and altitude 20* of. Deſcribe the circle Z HN ©; 
and draw the equinoctial parallel of declination, and axis as before. Draw 
alſo the parallel of altitude a /Zg by ſetting off 20 of of the line of 
chords from O to , and from H to 4; this will interſe& the parallel of 
declination in 7, thro' which draw an azimuth circle, and a meridian, 
and theſe two will give the things required, There will be no occaſion 
to draw the whole circles, only to find the interſection of the azimuth 
circle with the horizon, and of the meridian with the equinoctial, which 
is only dividing the horizon in the ſame proportion with the parallel of 
altitude; and the equinoctial in the ſame proportion with the parallel of 

_ declination : Thus, for the azimuth, draw the radius C g, and C1g, 
will be a right angled triangle; thro' f draw ? F parallel to CI; transfer 
C f to the horizon in 5, and draw s v parallel to C N; ſo v O will be 
the azimuth. Or it may be done thus, with / 9, the radius of the pa- 
rallel of altitude, deſcribe from the center C, an arch, 2 g produce the 
line F F to g; thro' g draw a line from C, which will give the point v as 
before. For the hour, draw the line ? 1 parallel to P S, to interſect CE 
in 1, transfer C 1 to the equinoctial in 2; ſo ſhall C 2, meaſured on the 
line of fines, and converted into time, give the hour after 6. 

Thoſe are the 2 that are abſolutely neceſſary to be known at 
ſea ; the firſt for finding the latitude, the laſt two for finding the varia- 


tion of the compaſs, of which in its proper place. 


. | 

Given the latitude and longitude of two places ; to find their diſtance and 
angle of pofition. ; 

The neareſt diſtance between any two places will be in a plane paſſing 
thro' the two places, and the center of the earth, which upon the ſur- 
face of the earth, will be an arch of a great circle ; and the angle which 
this circle makes with the meridian of each place, is the angle of poſition, 
which will not be the ſame in both places. 

By the bade Let the "Mn laces be A and B; Ain 502 o', B 

in 
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in 13 30% both north latitude; their difference of longitude 52* 583 


B the weſtmoſt : Firſt ſet the pole to the latitude of A, then look for 377 
2! (the complement. of the difference of longitude) upon the equinoctial; 
the meridian paſſing thrg' that point, will interſect the parallel of lati- 
tude of 139 307 in the point B; thro” B lay a ruler acroſs parallel to the 
horizon; its interſection with the graduated meridian, will give the di- 


ſtance of B from A, counting the degrees from the zenith, and will be 


about 56˙ 15“. 


For the angle of poſition from A to B. The ruler being laid acroſs as 
before, mark the point B upon it; move the pole to the zenith, the me- 
ridian päffing thro” the point, will be the azimuth circle required; but 
if it were required to find the angle of poſition from B. to A, ſet the pole. 
to the latitude of B, and proceed as before. | 

By ſcale and compaſſes deſcribe the circle, and quarter it as before. 
Draw the axis and equinoctial to the latitude of A, alfa the parallel of la- 
titude of 13* 30“: Now to find the point B in this parallel, it is only to. 
draw a meridian, which ſhall make an angle of 52* 58', with the me- 


ridian of A, To do this by the line of chords, fet off 52* 58/ from MA. 


both ways to d and d, from which two points, lay a ruler acroſs to inter- 
ſect the equinoctial in 5, which will be the point in the equinoctial, thro' 
which the meridian of B muſt paſs; or by the line of fines, take the com- 
lement of the difference of longitude 37 2/, which ſet off from the center 
C, and this will give the point 5; thro' which draw a meridian as before 
directed, to interſect the parallel of latitude of 13* 30“ in the point B, 
and thro”. this point draw L T, parallel to the horizon; ZL or Z T, 
meaſured on the line of chords, will give the diſtance nearly 56* 15': 
Draw-alſo the azimuth circle Z BG; CG meaſured on the line of ſines, 
nearly 21 degrees, will give the complement of the angle of poſition with 
the meridian of A; or thro' G, draw a line parallel to Z CN, to inter- 
ſect the circle in D and F; HD or HF, meaſured on the line of chords, 
will be the angle of poſition, that the meridian of A makes with the 
great ci cle paſſing thro' A and B, and will be nearly 69 degrees ; but 
to find the angle it makes with the meridian of B, we muſt draw the. e- 
quinoctial and axis to the latitude of B, and proceed as before. f 
This problem can be of little uſe to the mariner, becauſe it gives the 
neareſt diſtance betwixt two places, and the compaſs, which is the only 
guide he has to conduct him from one port to another, leads him out of 
dhe direct road; for the path which the ſhip deſcfibes, will be a curve, 
making equal angles with all the meridians ſhe croſſes; whereas the arch 
of the great circle. which is the neareſt diſtance, makes uneqal angles- 
with all the meridians ;- and therefore in practice, we cannot go the neareſt 
way, 
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way, by the compaſs, unleſs the places lie under the ſame meridian, or 
1 "ei A RE br 
The compaſs is ſo well known that it needs no deſcription, being only 
a card, upon which a circle is deſcribed ; it is divided into 32 004 parts 
called points, each conſiſting of 11153; theſe are ſubdivided into quar- 
ters, without which there is another circle divided into 360 degrees ; a 
needle, touch'd with the load-ſtone, by which it acquires that ſurpriſing 
quality of pointing to the north pole, is fixed under the card, upon 
which there is a flour de luce, which will point out the meridian; for 
though it ſometimes varies from it, we may diſcover the quantity by 
celeſtial obſervation of which in another place: The lines that the ſhip 
forms in ſteering by the compaſs, are called rumbs; and that theſe make 
equal angles with all the meridians is evident, becauſe the needle always 
lies in the meridian of the place, and the rumbs all meet at the center of = 
the circle upon the card. The needle is the diameter of this circle, ſo 
that moving the card can never alter any angles, that are made by the 
interſection of any two lines upon it. | | 


Tt will be very difficult, if not impoſſible, to deſcribe the rumb lines, 
either upon the globe, or upon any plane, where the meridians interſect 
in the pole, for they mult be fo deſcribed, that if a ſhip fail upon any 
rumb to any port, and then fail back the ſame diſtance upon the oppoſite 
rumb, ſhe will then return back to the fame port from which ſhe ſail'd; 
and that this is really true, where there is no variation or currents, or 
the ſhip is not forced out of her dire& courſe by the fea, wind, or bad 
ſteerage, mult be allowed; and agreeable to the nature of the trianglcs 
formed by the rumb lines, meridians, and parallels of latitude upon the 
globe; tho” ſtrictly ſpeaking, they cannot be called triangles, for the ma- 
thematicians have reduced all triangles either to plane or ſpherick, but 

the properties of neither agree to theſe. However as they have three 
fides, and three angles, a ſmall diſtance may be allowed to be a ſtrait 
line; we ſhall therefore conſider them as right e triangles. 
Let there be two ports A and B, A in 50 of, B in 13? 30 and the 
difference of longitude 52 58“ as before, that is the diſtance of the two 
meridians upon the equinoctial in miles, will be 3178 ; but in the paral- 
lel of latitude of B, the diſtance of the meridians will be 3090 miles, and 
in the parallel of A 2043 miles; the difference of latitude betwixt A and 
B, is 36 30% or 2190 miles. OST Og e een 

Now if a ſhip fail directly ſouth 2 190 miles from A, and then 3090 
directly weſt, ſhe will certainly arrive at B; and if ſhe fails back again 
the ſame diſtance upon the e e that is firſt 3090 miles ip, 

2 an 


222 Solution of Geographical Problems, by CAP. IL 


and then 2190 miles north, ſhe will certainly arrive at A; this would 
make the whole diſtance failed 5280 miles. But if in failing from A, ſhe 
firſt fails 2043 miles weſt, and then 2190 miles ſouth, ſhe would like- 
wiſe arrive-at B; and by failing the ſame diſtances upon the oppoſite 
rumbs, ſhe would return back to A. Her diſtance failed would be 4.243 
miles, but the neareſt diſtance is 3376 ; ſuppoſing it poſſible to ſteer up- 
on the arch of a great circle. The dire& courſe by the compaſs from 
A to B, will be ſouth 509 6' weſt, and the diſtance to be failed in that 
courſe, will be 3414 miles, as ſhall be ſhewn in Mercator's failing ; what 
we are here to prove is, that if a ſhip fails from B, north 50? 6! eaſt 3414 
miles, ſhe will arrive at A. The only difficulty will be to reconcile this 
to the properties of a right angled triangle ; for in failing from B to A, the 
diſtance 3414, is the hypothenuſe; the difference of latitude 2190, is 
the perpendicular ; and the meridian diſtance in the parallel of latitude 
of A, vis. 2043 will be the baſe, Now in failing back from A to B, up- 
on the oppoſite rumb, the diſtance, difference of latitude, and angle, will 
be the ſame as before, from whence it may be argued, that the baſe will 
be the ſame as before, v/z, 2043; ſo that when the ſhip arrives in the 
parallel of latitude of B, ſhe will be 1047 miles to the eaſtward of it. 
But it muſt be conſidered that the whole difference of longitude to be 
run down from B to A, is 52? 58', which cannot be done by failing only 
2043 eaſt, unleſs it be all in the parallel of A. Now in failing directly 
upon one rumb, there is no eaſting made in the parallel of A, and of con- 
ſequence, all the eaſting that is neceſſary to be made, in order to run 
down the logitude, muſt be made before ſhe arrives at the parallel of 
latitude of A; and the nearer to B the eaſting is made, the more it will 
require to run down the longitude: Again, neither the whole caſting, 
nor ſtrictly ſpeaking, any part of it, can be ſaid to be run down in any 
parallel of latitude betwixt B and A; for if ſhe fail from B, in the direct 
courſe towards A any aſſignable diftance, ſhe muft make a ſmall part of 
it northing, and a ſmall part of it eaſting; and if the fail back upon the 
oppoſite rumb, ſhe will make the ſame weſtings, betwixt the ſame paral- 
lels ſhe made the eaſtings in; and becauſe the ſame eaſtings, are made in 
the fame parallels of latitude that the weſtings are made; the difference of 
longitude in both, will be the fame; and the ſhip in failing back upon 
the oppoſite rumb, will certainly arrive at B. CEO 
Or let us ſuppoſe 2190 parallels of latitude actually deſcribed betwixt 
A and B, likewiſe 2190 meridians. Now in failing from B to A, inſtead - 
of failing the direct courſe, let us fail firſt directly eaſt till we come to the 
firſt of theſe meridians; then due north again to the firſt parallel, and due 
N | eaſt 
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eaſt to the ſecond meridian; and ſo proceed failing, firſt north, and then 
caſt, till the laſt north courſe brings us to the parallel of A, and then an 
eaſt courſe will bring us to A. By this means ſhe forms 2 190 ſmall 
right angled triangles ; the perpendiculars will all be equal, vig. one mile 
each, but the baſes will all be unequal, ſtill decreaſing the nearer we 
come to A. In failing back, if we go upon the oppoſite rambs, we 
muſt firſt fail as much weſt in the parallel of A, as we did eaſt before; 
and then ſouth to the next parallel, in which we muſt fail as much weft 
as we did eaſt before to come at the next meridian, and fo proceed ſail- 
ing firſt ſouth and then weſt, till we come to B; where it muſt be ob- 
ſerved, that in every parallel of latitude, we make as much eaſting as 
we did weſting, which will infallibly bring us back to the fame port. 

Now let us ſuppoſe an infinite number of parallels of latitude, and an 
infinite number of meridians; and let us ſteer an infinite number of 
courſes, firſt north, and then eaſt, we ſhall have an infinite number of 
ſmall triangles, and their perpendiculars and baſes being infinitely ſmall, 
both may be ſaid to vaniſh, and leave nothing but the hypothenuſe, 
which upon the globe, is repreſented by a curve, making equal angles 

with all the meridians, being the path a ſhip deſcribes, which is led by 
the direction of the compaſs from B to A; and in failing back from A 
to B, the triangles will be the ſame as before, and ſo quite vanith, leaving 
only the diſtance, which will certainly bring the ſhip back to B. 

We ſhall not here examine how theſe rumb lines are deſcribed upon 
the globe, for as we obſerved before, though in theory they may be 
conceived to be drawn, yet it will be ſcarce poffible to draw them true, 
with inclin'd meridians ; this ſhews the neceſſity of a projection of the 
iphere upon a plane, where all the meridians may be parallel to each o- 
ther; in this caſe the rumbs will all be ſtrait lines. How to conſtruct + 
ſuch a projection, ſhall be the ſubject of the next chapter. 

We ſhall only here remark that in navigation, the departure, and meri- 
dian diſtance, may be conſidered as one thing, viz. The whole eaſting, 
or weſting that a ſhip muſt make in ſteering upon a direct courſe from one 
port to another; and this will always be equal to the ſum of all the depar- 
tures made every 24 hours, but will not agree with the common defini- 
tion of departure and metidian. diſtance, as in Def. 10. for by that, we 
can aſſign no proper departure betwixt any two places, that are not in the 
lame parallel of latitude; for let the two places be A and B, the diſtance be- 
twixt their meridians, in the parallel of A will be 2043 miles, and in the 
parallel of B zoo ſo that neither of theſe can properly be called the 
meridian diſtance, or departure betwixt theſe two places; but if we fail 

in 
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in a direct courſe, viz. ſouth 50? 6' weſt from A 3414 miles; we ſhall 
make 2619 weſting when we arrive at A, which we ſhall call the de- 
parture, or meridian diſtance betwixt A and B, and in failing back from 
B. the courſe will be north 5o* 6” eaſt; the diſtance 3414, and the eaſt- 
ing 2619, the ſame as the weſting before. ” 
From this we may infer that the ſame courſe and diſtance, whether 
we ſteer from or towards the equator, will always give the ſame diffe- 
rence of latitude and departure; which is the reaſon that ſeveral experi- 
.enced artiſts keep their account by their meridian diſtance, without re- 
garding their longitude.; for we muſt not ſuppoſe, as ſome have alledged, 
that they are ignorant of the cauſe why they make more weſting in go- 
ing towards the equator, than they make eaſting in returning back, for 
they well know that (outward bound) they get into the parallel of their 
port, long before they run down their difference of longitude, which 
therefore muſt require more departure than in coming home ; becauſe 
that it is poſſible they may have 6 or 8 degrees of longitude to run down 
in the parallel of 137 3o' when failing to B; and the ſame number of 
degrees of longitude to run down in the parallel of 50 o', when failin 
trom B to A. So they do not return near the oppoſite rumb to that on 
which they ſailed out; but as they conſtantly ſteer the ſame courſes out 
every Voyage, as near as the wind will permit, in the courſe of many 
voyages, they find the meridian diſtance nearly the ſame every voyage 
outward bound; and if in ſeveral voyages they can ſteer the fame courſes 
home, that they ſteered home the preceding voyages, they will find 
their departures nearly the ſame as in their former voyages, tho' always 
leſs than the departures out, for the reaſons before aſſigned: But it hap- 
pens ſo rarely, that they can keep the ſame courſes two voyages; that 


very few have any regard to the meridian diſtance, . but keep their account 


by the difference of longitude, which will always be the ſame out and 
home, whatever courſes they ſteer. | 
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CHAP. III. 

5 EE DEA EFG. 
1 

The CONSTRUCTION and USE of SEA CH ARTS. 


The LONG-LINE, and HALF MINUTE GLASS. 


LAIN failing is that where the plain chart is uſed, all the various: 
caſes of which will be exactly the ſame with thoſe of right angled: 
triangles ; ſo that we are only to ſhew how thoſe triangles are formed upon. 
the chart; and the names of the ſides. | 

In this chart the meridians are ſtrait lines drawn parallel to one ano- 
ther; the equinoctial, and all the parallels-of latitude are likewiſe ſtrait* 
lines parallel to one another; by this means the rumbs will be ſtrait lines, 
and make equal angles with all the meridians, but then all the parallels 
of latitude will be equal to the equinoctial, which is a very great error, 
at any conſiderable diſtance from the. equinoctial: it is called the plain 
chart; and conſtructed in the ſame manner as that of ſurveying land in 
Plate 10. All the lines drawn parallel to A B, may be called meridians, 
and thoſe parallel to B E, parallels of latitude ;, which being all equal to 
the equinoctial, will make the departure and difference of longitude the 
very ſame thing, though in the parallel of latitude of 60 degrees, it is 
only one half of the difference of longitude; and if nearer the pole, the 
error will {till be greater, ſo that this chart muſt be very erroneous. b 

The only true ſea chart is Mercator's, which retaining the paralleliſm 
of the meridians, will occaſion the degrees of longitude in any parallel, 
to be equal to the ſame degrees in the equinoctial, as in the plain chart; 
but to remedy this, the degrees of the meridian in this chart, are enlarg-- 
ed in the ſame proportion that the degrees of the parallels of latitude are. 
Before we ſhew the conſtruction of this chart, we ſhall ſhew all the uſes 
of the plain chart; for as there are two ſea charts, from hence ariſes the 
diviſion of navigation in two parts, viz. plain, and Mercator's failing ; 
ve ſhall here treat of the firſt. 5 

Every place is ſuppoſed to have a meridian, and parallel of latitude, 
and if actually drawn, and likewiſe a ſtrait line from any place to ano- 
ther, that differ both in latitude and longitude; we ſball then have a right 

| | angled: 
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angled triangle, whereof the meridian will be the perpendicular, the de- 
parture the baſe ; and the diſtance the hypothenuſe : Let the two places 
be A and Z, Az or Z &, will be the perpendicular; aZ of A >, the baſe, 
and A Z, the diſtance upon the rumb line; and that A à is the difference 
of latitude, and a Z the departure; betwixt A and Z, is evident by the 
definition of thoſe terms: The angle that is formed by the rumb line, 
and the meridian, is called the courſe, which correſponds to the angle 
oppoſite to the baſe in trigonometry. - | | 

As in trigonometry there are fix caſes, ſo there are the ſame in plain 
failing, and the folutions the ſame in both, only changing the names of 
the parts. The hypothenuſe, is called the diſtance ; the perpendicular 
is called the difference of latitude ; the. baſe is called the departure; and 
the angle oppoſite to the baſe, is called the courſe. DN 

Now here, as in trigoffometry, there are four things, any two of which 
being given, the other two may be found. 

The mariner has two things given, viz. the courſe and diſtance ; the 
former by the compaſs, and the latter by the log-line and half minute 

laſs. E- 

: To the . this line there is faſtened a piece of wood, with as much 
lead at the lower end as will ſerve to make it ſwim upright in the water: 
It is divided into knots, the diſtance betwixt the knots muſt be exactly 
the 120th part of a mile; and there muſt be a ſufficient quantity of line 
betwixt the log, and the mark from which the line begins to be dived- 
ed; ſo that when the mark is at the ſhip's ſtern, the log may be clear of 
the eddy of the ſhip; and then the half minute glaſs is turned, and the 
line vereed of the reel, which is ſtopped as ſoon as the glaſs 1s out : this 
will give the exact diſtance the ſhip has failed in the half minute; and 
if ſhe continues at the ſame rate for a whole hour, her diſtance run in the 
hour is alſo known ; for ſhe will go as many miles in the hour, as there are 
knots run out in the half minute; this is the only method they have to 
meaſure the diſtance, and may be liable to great errors unleſs the line be 
very carefully divided, and the glaſs actually half a minute, 
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HE "moſt expeditious way, and which.i is- abs, aſed--j jo: oratiite, 
is by the table of difference of —— and departure: 

This table gives, by inſpection, the difference of . and depar- 
ture, to any courſe, for any diſtance leſs than 10 miles. 

In the uppermoſt rank, are placed the from 1 * to 45, 
including points and quarter points; and in tlie 
from 45 to 90; each courſe is divided into ty columns; under lat. is 
the difference of latitude; and under dep. is the departure; and — 
diſt, is the diſtance correſponding to them; but when the courſe is more 


than 45 degrees, it will be found in the lower rank; and d difference 


of latitude over lat. and the departure oyer dep. .. ,. $$4 ,. 
We ſhall work an example in each cafe, . by the logarithms, by 

ſcale and compaſſes, and by theſe tables which will ſyfficiently explain 

their nature: We ſhall likewiſe ſhew how to . them by the line 


of rumbs, | 
CA 8 8 ; Vi 


parture, 


E X A M P.'L E. 
A ſhip fails.S Wb W 60 miles, I demand the latitude come to, and 


departure. 

This is exactly. the ſame with the firſt caſe of trigonometry, and the 
triangle delineated in the ſame on on only we make uſe of the line of 
rumbs to ſet off the angle by. 

The line of rumbs is conſtructed in the * manner as the line of 
chords, from a quarter of a circle, divided into 8 equal parts, for points 
of the compaſs, and thoſe ſub- divided into quarters; the uſe of this line 
is to ſet off the courſe, which is always given in points of the compaſs, 
and not in degrees; as in this example the courſe is five points from the 
meridian ; therefore upon the line R T, from the point R, deſcribe an 
arch with the chord of 60 degrees, upon which ſet off five points taken 


G g | from 


wer rank, the courſes 


Given the coor ſe and diſtance, to find the di Ferenc K latitude and de- 
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from the line of rumbs; this might be taken off the line of chords, tho 


not ſo exactly, becauſe of the odd minutes; being 


569 157, ſo that in all 


the caſes in navigation, we ſhall make uſe of the line of rumbs, obſerving 
that the arch muſt be deſcribed by the chord of 60 degrees, to which 
that line of rumbs is adapted. We ſhall give no further directions for de- 
lineating the following examples, only refer to the like caſes in trigono- 
metry, In order to work them by the logarithms, the points muſt be turn- 


ed into deg 
points is 56 2 5/, then it will be, 


As the todies & the of 90 N 


orees, for which there is a table to find them by inſpection; 5 


| 10.000000 

Is to the diſtance 60 miles - 1.778151 

So is the ſine of the courſe 360 15% 9919846 

To the departure 49.9 miles = - = -+1.697997 

As radius - - EK 10.000000 

Is to the diſtance 60 miles 1.778151 

So is S. C. of the courſe 330 45 - 9.744739 


To difference of latitude 33.3 miles 41.622880 


By the table of difference of latitude and departure, the courſe is more 
than four points, therefore it will be found in the bottom, that is 5 
points; and in the column over lat. is 33.3, for the difference of lati- 
tude; and 49.9 in the column over dep. for the departure, both right a- 


gainſt 60 in the column diſt. 


By extending on Gunter's ſcale, if the courſe be turned into degrees, 
it will be juſt the ſame as was in right angled triangles. © 

But there are two lines on Gunter's ſcale by which it may be done, 
one is marked 8 R, and the other TR; that is the fines and tangents of 
the rumbs; and as the fine of go degrees, and the tangent of 45 degrees 
are equal to the radius, ſo 8 points is for the Tadius on the line fine rumb, 


and 4. points for the radius on the line tangent rumd. 


For. the departure R 8 5. points : | 60-2 30 nearly. 
For the difference of R: S 3 points:: 60: 33,3. 


The extent from © poin 


ts to 5 points on the line $-R, will be the ſame 


as from yo to- 56® 15“ on the logarithmick line of ſines, and will reach 
from 60 to go, on the line of numbers for the departure; the extent from 
8 points to 3 points, will be the ſame as from go to 337 45 “/ on the loga- 
rithmick fines, and will reach from 60 to 33. 3 on the line of numbers for 


che difference of latitude. 


CAS E 
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* 


© A8 K 0; 
Given courſe and di PIT of latitude, to find the di fakes and deharture. 


E X A M F L E. 
A ſhip fails SE bS, till ſhe alters her latitude 50 8 L 4 her 


diſtance and departure. 
This is exactly the ſame triangle with the preceding, but what was the 
difference latitude before, is now the W the proportion will be, 


As ſine comp. of the courſe, viz. 569 15! 2 91 9846 

Is to the difference of latitude 0 miles 1.697997 

So is the radius or ſine of go - 10.000000 

To the diſtance 60 miles 1778131 

As ſine comp. of courſe or of 56 157 5 9.919846 1 

Is to the difference of latitude 50 miles 1.697997 111442736 


So is the ſine of the courſe 339 457 
To the departure 33.3 miles 


By the table of difference of latitude and dep re, the courſe is now 
three points, find it in the upper rank, and under lat. find 50 the given 
difference of latitude 3 correſponding thereto under diſ. is 60, and under 
dep. is 33.3. 

By Gunter 's ſcale, 8 of 5 points: ſine of 8 points : E 503 603 the extent 
from 5 points to 8 points, on the line 8 R, will reach from 50 to 60 on 
the line of numbers and gives the diſtance. | 

For the departure S of 5 points: ſine 3 points:: 60 53. 3. 


9-744739 J 2.212845 
1, 522890 1. 522890 


CA: $:i.:E III. 
Given courſe and departure to find the difference of latitude and diſtance. 
ES i MEP EE 


A ſhip fails NW by W till the gets 50 miles to the weſtward ; I do- 
mand the diſtance and difference of latitude ; this is a caſe that can ſcarce 
ever happen, and is the ſame with the preceding, only calling what' was 


difference of latitude in the former, in this the departure, and what was 


departure in the former, is now difference of latitude ; and then the ope- 


rations will, in all repe&s, be the ſame as before. 
Gg2 CASE 


230 PLAIN SAIL 1 N G. On Av. III. 
| A A A. 
Given the diſtance and di Mer ence of lati tude; I demand the 4 and 


departure. 
E X A M P L E. 


A ſhip fails betwixt the ſouth and weſt 60 miles, and finds by a. good 
obſervation, ſhe has made 50 miles ſouthing ; I demand the courſe and 
departure, delineate the triangle as in wy 4. right angled triangles ; the 
proportion is 


As the diſtance 60 miles - WM 1.778131 


Is to difference of latitude 30 miles - 1.697997 
So is radius or fine of go - - 10.000000 

| 11-697997 
To the S. C. of the courſe 569 157 9.919840 


So the courſe will be S. W. b S. the departure will be found by 
Caſe 1. or 2. 
Hy the table of difference of latitude and departure, turn over till you find 
50 in the difference of latitude column, and 60 in the diſtance column; 
and becauſe I find 50 in the column that has lat. at the top, the courſe 
will be there alſo, v:z. 3 points, that is S. W. b 8. and in the departure 
column I find 33. 3 weſting. 

By Gunter's ſcale; the extent from 60 to 50, on the line of numbers, 
will reach from 8 points to 5 points on the line SK R. 


A 
Given diſtance and departure, 10 find the courſe aud di erence of latituae. 


E X AM P L E. 


A ſhip fails betwixt the north and eaſt 60 miles, till her departure is 
50 miles; I demand her courſe and difference of latitude. This is ex- 


actly the ſame with the preceding, and ſcarce can ns e ſo we ſhall 
proceed t to the next, 


F 
Given 4 Herne of lati tude and departure, fo find the ei and di Nance 


E X :& M PL E. 


Two iſlands P and T, Tin 32 41', and P in 20® 53/ both pra 
titude ; 


Sec. II. PLAIN SAILING. 2 
titude; P lieth to the weſtward of T 62 45'. I demand their bearing 
and diſtance, or which is the ſame thing, what courſe muſt be ſteer' d 
from P to T, and how. many leagues diſtant ; delineate the triangle as in 
Caſe 6+ trigonometry, and find the difference of latitude by ſubtraction, 
which turn to leagues off 20 to one degree, as in the operation, 


| . Departure. 
A 32 | 6 45by 3 15 
B 20 53 20 
11 48 120 
20 15 | 
220 leagues | 135 departure 
16 for 48 miles 5 
235 diffe. of lati. in leagues 


The proportion is, 


* 


As the difference of latitnde 236 miles 2.322212 
Is to the departure 135 miles — 2.1.34 
| 10.00000 
So 1s the radius or tangent of 45 12.130334 
To the tangent of the courle 299 467 9.757422 


By the table of difference of latitude and departure, theſe numbers are too 
large to be found in the table, therefore take the quarter of each, ſo 59 will 
be for the difference of latitude, and 33 +, the departure; find tel he 
proper columns, and correſponding thereto in the diſtance column;”will 
be 68 or 69, which multiplied by 4, will give the whole diſtance ; and 
becauſe the difference of latitude is greater than the departure, the courſe 
will be found to be near 30 degrees, and taking 68.5, which is the neareſt 
diſtance correſponding to the difference of latitude and departure; in the 
tables, the whole diſtance will be 274 leagues, and the courſe from P 
to T, will be S. S. W. 2 W 2 degrees weſterly. 

By Gunter's ſcale; the extent on the line of numbers from 236 to 135, 
will reach from the tangent of 45 to 30, or 60 degrees on the line of 
tangents: Now to know which of theſe two will be the angle, obſerve 
which is greateſt, the difference of latitude or departure; for if the dit- 
ference of latitude be greateſt, as in this example, the angle will be leſs 
than 45 degrees, but if the departure be greateſt, the angle will be more 
than 45 degrees. | | | . 

Theſe are all various caſes in plain failing, which being well under- 
ſtood, it will! be eaſy to give a true ſolution to the following queſtions, by 

the 
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the table of difference of latitude and departure: For it will be too tes 


dious to work them by the logarithms, or conſtruct them geometrically; 
therefore in practice we always uſe the tables, and for the proof, let them 


tude come to, and departure from the meridian is required. 


be performed by Gunter's ſcale. 


A hip in 22* 51' north latitude, fails N. N. 4 W. 8 3 leagues the lati- 


A ſhip in o 567 north latitude, ſails Sb W W, till by a good obſer- 
vation ſhe is 1.13 ſouth latitude ; her diſtance and departure is required. 

A ſhip in 367 40“ ſouth latitude, fails betwixt the N and E, till ſhe 
gets into 34 507 ſouth latitude, and finds by the log, ſhe has run 63 
leagues; the courſe and departure is required, 

Two iſlands A and B, A in 292“ north latitude ; B in 5 16/ ſouth 
latitude; B lies 2 50 leagues to the weſtward of A; the courſe and di- 
ſtance is required. 


. 
Of working a Traverſe, or reducing various Courſes into One. 


Eing now provided with a good ſea chart, to find the bearing and 
diſtance of any two places, and with a compaſs to direct the courſe, 

alto with a log line, and half minute glaſs, to know how far we have ad- 
vanced towards our port; we need only keep an exact account of the di- 
ſtances, by ſetting down every day at noon, the number of miles failed 
the preceding 24 hours, in a book provided for that purpoſe: Now it 
at any time we want to know our diſtance from the port we are bound 
to, it is only collecting the ſeveral diſtances we have ſailed every 24 hours, 
and ſubtracting the ſum from the whole diſtance : the remainder will be 
the diſtance we are from our port: But as it is impoſſible to keep a ſhip 
in her direct courſe, by reaſon of contrary winds, the intervention of 
lands, or various other accidents, which forces her out of the direct 
courſe; it will be abſolutely neceſſary to keep an exact account of every 
particular courſe and diſtance, failed in 24 hours; and then reduce all 
theſe different courſes and diſtances into one: This is what is called a 
traverſe, and is only ſo many different queſtions of the firſt caſe of plain 
ſailing; for after we find the differences of latitude and departure, to e- 
very particular courſe,if they are in the ſame quarter of the compaſs, we may 
collect all the differences of latitude into one; which will be the whole diffe- 
rence 


” 
w - 
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rence of latitude, from the firſt port failed from, and the ſum of all the 
departures will be the whole departure; and having the difference of la- 
titude and departure, the courſe and diſtance is found by the laſt caſe of 
plain failing. If ſome of the differences of latitude be northerly, and 
ſome ſoutherly, add the ſeveral northings together, and alſo the ſeveral 
ſouthings; if they are equal, the ſhip has not altered her latitude, if un- 
equal, ſubtract the leſs from the greater, the remainder will be the whole 
difference of latitude; do the fame by the departure when there are eaſt- 
ings and weſtings. The whole art of navigation depends upon keeping 
a correct and diſtinct account of theſe various courſes, and reducing them 
to one: For which. purpoſe it will be proper to make a table of fix co- 
: A 


lumns, as the following : 


Courſe. | Diſtance. ] North. | South, | Eaſt. |] Weſt. ö 
8. K. | 38 o. o 230.9 |. 2069: F.. oe | 
S. E. b E. 42 . 34-9 0.0 | | 
E. S. E. 25 . EE 2  : AO. | 11/1 
WY 30 TRE 0:0. 30. 0 o. 0 1 
E. N. E. 15 N 57 | 0.0 I 3.9 | O.0- 1 1 
= * AA 0.0 0.0 | 17.0 1 
W. 3. W. r 18.7 i 
| 22.7 | 663 | 128.8 32.7 | 
Courſe good. | Diſtance, Rare "PAL, j 
8. 66 E. 106 I 436 f 96.214 
; f 


In the firſt are the ſeveral courſes; in the ſecond their correſponding; Wl: 
diſtances ; then by the table of difference of latitude and departure, find 11 
a difference of latitude and departure to every courſe and diſtance, and 104 
ſet them down in their proper columns, fum up all the northings, is- 
22,7, which ſubtract from 66.3, the ſum of the ſouthings; there re- 
mains 4.3.6 miles of ſouth difference of latitude; the ſum of the eaſtings 
is 128.8, from which ſubtract 32.7, the ſum of the weſtings; there re- 
mains 96.1 miles eaſt departure. As this number exceeds the limits of 
the table, take half of it 48 ; take alſo half the difference of latitude 21.8, 
the neareſt I can find to theſe two in the tables, is 21.6'and 48.4 in the 
column over 66 degrees, and in the diſtance column is 53, which doubled, 
makes 106 for the whole diſtance,. | NE Ee 

By this way of keeping an account, we may at any time, know the 
courſe and diſtance to the port failed from, which ſuppoſe in 30 307 
north latitude, and likewiſe the courſe and diſtance to the port bound to, 
which ſuppoſe in 29 18/north latitude, and 72 leagues to the eaſtward:: 
Let the port failed from be A, and the port bound to B; — 


—— —— ̃ wa—— t —⅛ 
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Crap, III. 
of latitude will be 24 leagnes, and the departure 723. the courſe will be 
nearly E. 8. E. E. about 77 leagues diſtant; but after ſteering the ſe. 
veral courſes, as in the table, the. ſhip arrives at C. I find by the pre- 
ceding calculation, the whole difference of latitude made from A to C, is 
4.3.6 miles ſouthing; and the whole departure 96.1 miles eaſting; there- 
fore ſubtracting the difference of latitude made from A to C, from the 
whole that was to be made from A to B; the remainder will be the dif- 
ference of latitude yet to bę made, and ſubtracting the departure made, 
from the whole that was to be made at firſt ſetting out, the remainder will 
be what is yet to be made: And ſo having the difference of latitude and 
departure given, by them the courſe and diſtance is found. See the ope- 
ration. | 

Difference of latitude from A to B 72 miles 
Difference of latitude from A to C 4.3.6 miles. | 
Difference of latitude from C to B 28.4 miles is 9 + leagues. 


Departure from A to B 216.0 miles. 
Departure from A to C. 96.1 miles. 
Departure to be made from C toB 119.9 miles is 40 leagues. 


The neareſt I find to thoſe two in the table of difference of latitnde 
and departure are 39.9, and 9.2; ſo the courſe will be S. 77 W. 41 
leagues diſtant, W | | w 

By this it is evident, that it is firſt abſolutely neceſſary to know the 


whole difference of latitude and departure, that is to be made before we 


ſet out. Secondly, we muſt keep an exact account of the various courſes 


and diſtances ſteered, by which we may at any time know how much of 


our difference of latityde is made, and conſequently by ſubtraction, we 
may always tell what difference of latitude and departure we have to make; 
1 this may be done without a chart, by a table of latitude and longitude 
nm * v fads 

The geometrical conſtruction of a traverſe would be too tedious for 
practice, but as there are ſeveral ſmall iſlands, rocks, and lands, laid down 
in a chart, that are, not in the tables of latitude and longitude ; it will not 
be improper, every day at noon, to mark the place the ſhip is in upon the 
chart ; by this means we may have a view, not only. of our port, but alſo 
of any rocks or ſands; this is eſpecially neceſſary when we come near to 
the land, we ſhall therefore ſhew how this is to be done. | 


8 EC T. 


SECT. IV. 4:4 


er. W. 
To prick the P LAIN CHAR 7. {Plate x) 


HIS is to lay down the place the ſhip is in at any time, or to find 
the bearing and diſtance of any two places upon the chart. 
Suppoſe a ſhip from A to O; required the courſe and diſtance, 
There are ſeveral com paſſes, or rumb lines upon the chart, by which 
the courſe may be readily found; thus, lay the ſtrait edge of a ruler ſo 
that it may touch the two places A and O, then take a pair of compaſſes, 
and placing one foot in the center of any compaſs; open the compaſſes til! 
the other foot touches the edge of the ruler ; then ſliding the compaſſes 


to it, will trace out the rumb line on which the ſhip muſt ſteer: Now 
as the rumbs are only drawn to the whole points, it may happen, as in 
this caſe, that the foot of the compaſſes will not fall exactly in the rumb, 
but we may eaſily eſtimate the quarters; ſo the courſe from A to O, will 
be S. E. b S 4 E. A C, is the whole difference of latitude ; ſuppoſe 90 
leagues, CO the whole departure 66 + leagues. Now it is certain if we 


fail go leagues ſouth, and then 66 + leagues eaſt, we ſhall arrive at O; but 


I find by my account, that I have made only 1 4 leagues ſouthing, and 3 35 
leagues eaſting: Now I want to know what place I am in, that I may 
ſteer a direct courſe for O. To find this, provide two pair of compaſſes: 

In one take the difference of latitude 14 leagues, which ſet off in the line 
AC from A to e; with the other pair take the departure 3 5, which ſet 
off from C to r in the line C F; from er with the difference of latitude, 

deſcribe an arch, and from e, with the departure deſcribe another arch, 

to cut the former in „ Which is the point the hip is in at the time the 
calculation is made, and may be done every day at noon, or if need be at any 
other time. The next day at noon, after reducing the various courſes to 


eaſting ; ; I want to know the place the ſhip is in: If the point s, where the 
ſhip was the day before, be at the interſection of a meridian, and parallel, 
we may find it by the fame method we found the point: the day before ; 
if it is not, take with one pair of compaſſes, the neareſt diſtance of the 
point s, to any parallel; 5 another pair of compaſſes take the departure 
28, with which deſcribe an arch from 5 as center; then ſlide the firſt pair of 

WS com- 


with one foot by the edge of the ruler, the other foot being perpendicular 


one, I find I have made, in that time, 42 leagues ſouthing, and 28 leagues | 
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compaſſes with one foot in the parallel, and the other perpendicular to it, 
till it cut the arch in ; again with one pair of compaſſes, take the neareſt 
diſtance of the point ꝝ to a meridian, and with the other pair take the dif- 
ference of latitude 42, and deſcribe an arch from the point 7 as center, and 
move the firſt pair upon the meridian, till it cut the arch in p, which is the 
place the ſhip is in. After the ſame manner we may find the place the ſhip 
is in every day at noon: When the chart is not very large, it may be 
done thus; let the ſhip be in s as before; firſt lay a ruler acroſs the chart, 
let the edge be parallel to ſome eaſt or weſt line, and paſſing through s, 
mark the two points e e, where the ruler cuts the two lines that limit 
the chart, then take the difference of latitude 42, and ſet it from e and 
to o and o, and lay the ruler acroſs by theſe two points. It is plain the 
ſhip muſt be ſome where in the line o; to find which, take with a pair 
of compaſſes, the neareſt diſtance of the point s, to any meridian z ob- 
ſerve where that meridian cuts the edge of the ruler ; from this ſet off 
the diſtance in the compaſſes by the edge of the ruler to f; then taking 
the caſting 28, it will reach from ? to p, which is the place the ſhip is in. 


F 
Of Mercator, middle Latitude, and parallel Sailing. 


* E have now fully explained all the varieties of failing by the plain 
chart, but it is ſubject to very great errors, for by making all the 
parallels of latitude equal to the equinoctial; the difference of - longitude 
betwixt any two places will always be equal to the departure, whereas in 
fact the difference of longitude, may be ſometimes double, or treble, and 
always more than the departure, except when the two places are upon. 
the equinoCtial, To illuſtrate this, let there be two iſlands A in 329 4, and 
Bin 20 53', both north latitude, and let their difference of longitude be 
7.15, or 145 leagues, that is to ſay, if there be a meridian drawn thro' A, 
and one thro' B; their greateſt diſtance will be upon the equinoctial, viz. 
145 leagues, but theſe meridians continually approach one another, till at 
laſt they meet in the pole, therefore their diſtance in the parallel of 20 
53˙, will be leſs than 145 leagues; let it then be 13 5 leagues, and * di- 
| nce 
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Spot: I. MER CAT ORs SAILING. 237 
ſtance in the parallel of 32 41/, will be ſtill leſs than their diſtance in 
the parallel of 20 53 which ſuppoſe 121 leagues ; the difference of la- 
titude from A to B, is 236 leagues, ſo if a ſhip at A ſails 236 leagues 
due north, and then 135 leagues due eaſt, ſhe will certainly arrive at B; 
again if ſhe fails from B 236 leagues due north, and then 121 leagues 
due weſt, ſhe will arrive at A, but by the principles of the plain chart, 
ſhe muſt fail 135 leagues, which makes an error of 14 leagues; and if 
the two places were more to the northward, the error would ſtill be 
greater, | PS K: | 


"CTC T £ 
Of tbe Principles of MERCATOR's Chart, 


o O remedy this error, a new chart muſt be made, in which the de- 
grees of any parallel, ſhall have the ſame proportion to the degrees 
of the meridian, that they actually have upon the globe; but this muſt 
not be, by inclining the meridians, becauſe the rumb lines would make 
unequal angles with them: The meridians then muſt continue parallel to 
one! another; this will make a degree in any parallel, equal to a degree in 
the equinoctial, which is a monſtrous error; for a degree in the parallel 
of 60, is but half a degree in the equinoctial: Therefore in this chart, 
the degree of the meridian that lies betwixt 59? 300, and 60? 3o', muſt 
be double the degree that lies betwixt the equinoctial, and the firſt degree 
upon the meridian, that is ſuppoſing the parallel of latitude of one degree 


to be 60 miles diſtant from the equinoctial; then the diſtance betwixt the 


parallel of 59 zol, and the parallel of 60 zo! muſt be 120 miles: This 
will occaſion the meridian to be unequally graduated, and ſuppoſe a paral- 
lel of latitude be drawn thro' every degree of the meridian, the diſtances 


betwixt theſe parallels will be unequal; that bet wixt the firſt and the e- 
quinoctial will be the leaſt; but it increaſeth the further the parallel is re- 
moved from the equinoctial, in the ſame proportion that the parallel is 


leſs than, the equincctial. Sper at | 20 
In order then to graduate the meridian, let us ſuppoſe a degree of the 
equinoctial, or of the meridian, which are hoth great circles, to be 60 
miles; the parallel of 1 degree of latitude, is very near as great as the e- 
quinoctial, and ſo the firſt degree of the meridian will be 60 miles; in 


like manner the parallels of 2, of 3, of 4, of 5, are ſo near the equinoc- 
Ih 2 tial, 
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tial, that the diſtances. betwixt them may be all equal, that is 60 miles; 
but then the parallels begin to decreaſe very perceptibly, and therefore 
the diſtance betwixt the parallel of 5 and 6 will be 61, and the diſtance 
betwixt the parallel of 6 and 7, will be a little more, and ſtiſl increaſing; 
fo the only difficulty will be to graduate the meridian. The firſt thing 
to be done, is to calculate how many miles wall mn one degree 1 in any 
parallel of latitude, for which take this pro 

As the radius, is to the ſine complement of the Sititmdededa is 60 the 
miles in a degree e the equinoctial, to the number of miles that will 
be contaried in a degree in that parallel, or which is the fame thing. 


=R4 8 he latitude : difference of longitude : departure. 


DEMONSTRATION. (Plate 11. Fig. 1.) 


Let AZ be the latitude, then will Z P be the complement ; Z z the 
radius of the parallel is the ſine of the complement angle PC Z. Now 
the degrees > tel circle are to the degrees of another, as the radius of 
the one is to the radius of the other, as was proved in part firſt. There- 
fore A, C, the radius of the equinoctial is to Z >, the radius of the pa- 
rallel, or fine complement of the latitude, as a degree of the equinoCtial, 
or difference of longitude, is to a degree of the parallel or departure, 
y this calculation it will be found that a degree upon the parallel of 
60 degrees, will contain but 30 miles; for the complement of 60 is 30, 
and the fine of 30 degrees, is half the chord of 60 degrees, or half the 
radius; ſo the diameter of the parallel of 60, is half the diameter of the 
equinoctial. 

Tho' this proportion be true, it would be a great —— to make tables 
by it, which Mr Wrigbt has effected by another method; for he conſi- 
dering that the radius is to the ſine complement as the ſeeant is to the ra- 
dius, calculated a table of meridional parts, by a continual addition of 
che ſecants. In this chart the ſine complement is N to the radius, be- 
cauſe the meridians are parallel to each other; ſo degrees of the pa- 
rallel are all enlarged beyond their due meafure, and tiresdre the 8 
grees of the meridian muſt be enlarged in the ſame proportion, which 
will be as the ſecant of the parallel is to the radius; to prove this, let CB. 
be 60 miles, equal a degree of the equinoctial (Plate 11. Fig. 3.) with this, 
as radius, deſcribe a circle, and draw the parallel F E; it is Fai D.E would: 
de a degree i in that parallel; but upon the chart it is DG. In the triangles. 
D E C, and AC B, the angles A C B, and DE C, are equal being alternates, 
to the two Parallels DG, and CB; the angles at D and B, are right, there- | 


fore 
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fore the thing emit, and CE: DE:: CA: CB, nell Merca- 
tor's chart D E is enlarged till it is equal to C E; chere fore to keep the ſame 

proportion, C B muſt be enlarged till it is equal to C A, that is if C B be 
a degree of the meridian at the equinoctial, C A muſt be a degree of the 
— at the parallel FE; by this means, it will be enlarged in the ſame 
ion that a degree of a parallel is enlarged: Now let D E be the pa- 
falle of 309, if 60 miles be a degree of the equinoctial; then 5196 ſhould 
be a degree in this parallel, as in the following operation; but n is enlarged 
to bo, therefore the degree of the meridian, t 2 at lies betwixt the parallel 
of 29? 30", and the parallel of 309 30” muſt be enlarged in the fame 
proportion; that is 551.96: 60:: 60: 9.283 for 60 x GO 5 1.962869. 28. 
(See the operation by the e hogarithms). he complement of the _—_— 
is 60 degrees; therefore | 


ay 1 FM | 10. ooo) 60 miles 3 
Is to ſine of 60 | 9.937531 1.778151. 
So is bo miles in the equator - 1.778 181 3 556302 
To 52 1 miles wy par. 1 715682 52 miles 1.713682 


69.28 1.840020, 


So a * 1 in the „ at che parallel of 30 degrees of latitude 
muſt be 69.28 miles, and that this is equal to the ſeeant of N __ 
will appear by the following operation. 


As radius | 10.000009 
15 to the ſecant of 30 10.062469 
So is 60 miles 8 Hain 
To 6g. 28 miles +1. 840620 


By the ſame manner, we may find the number of 1 dat win make 
a degree of the meridian in any latitude; but Mr Wrigbt has conſtructed 
tables of meridional parts in ſuch an excellent manner, that the meridian 
by them may be very eaſily graduated. 

In this table, we find by inſpection, the number of — that a any y pa- 
ralle] of latitude is diſtant fram the equinoCtial; ſo the parallel of w_ 
30% will be 1854 miles from the equinoctial, and the parallel of 3 
30“ will be 1923 ; the difference is 69, which muſt therefore be a *. 
gree of the meridian at that parallel. 

The manner Mr Wrigbt calculated this table, was by a-continnal ad- 
dition of the ſecants, which he calcmlated even to minutes, with the ut- 
moſt care and exactneſs; he aſſumed 60 equal parts fo: a degree of the 
equinoCtial, and therefore the firſt fave degrees of the meridian would be 

one 
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one of thoſe equal parts each; | becauſe if the radius of à circle be Gο qua 
parts, the ſecants of , 2, 3, 4, 5 degrees, will be ſq: near equal to the ra- 
dius, that they may be accounted 60 each; ſo: the ſum: 6f Thoſe ſecanta 
will be zoo equal parts; theſe are called meridional parts, and ſhew the 
diſtance of the parallel of 5 5. degrees from the equinoctial: The ſum of 
all the ſecants Kam the eq ial to-the parallel of 29* zol, is 1854, 
which is the diſtance of that > peraſtel from the equinoctial: Now if it be 
required to find the diſtanee of the parallel of 30 30, from the equinoctial; 
find the ſecant of 4309, which. will be 69, and this added to 1854, makes 
1923, which exactly agrees with the meridional parts in the tables, cor- 
reſponding to 30 zol latitude: - Having thus ſhewn the conſtruction of 
the table of -meridional parts, we ſhall now ſhew its uſe in nun 
Mercator's chart. | 


$: 8: GC: Te wwflos, 
To make M FR CAT o R's Chart. / Plate 13 ). 


"H1S may be made to contain all the known, parts of the whole 
world, which is called a general chart, or to contain only a 
ok it, which is called a particular chart; and as they are both projected 
in the ſame manner, we That only ſhew how to make one from the lati- 
tude of 30 degrees to the latitude of 60 degrees, and to contain 44 degrees 
of longitude, Draw the line A B, to repreſent the parallel of 30 degrees, 
which make 2640 equal parts, being the miles in 44 degrees, upon the 
equinoCtial, or in any parallel of latitude ; then draw the perpendiculars 
CA and DB, to repreſent two meridians; and to find the parallel of 60, 
look for it in the table of meridional parts, from wag. ſubtract the meri- 
dional parts of the parallel of 30; the remainder will give the diſtance 
betwixt theſe two parallels, as in the following operation it is 2640, 
which ſet off by the ſame ſcale of equal parts, 47220 


60—4528 
30=1888 


| 2040 


from A to C, and from B to D, and draw the line C D, to repreſent the 
parallel of bo degrees, thus the chart is limited; then draw another me- 


ridian any where at pleaſure, to meet the parallels A B and CD. Y L 
T is 
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This is called the firſt meridian, where the longitude is ſuppoſed to be- 
gin; from which graduate the parallel into degrees both ways, and at every 
tenth draw a meridian, as in the draught where they are numbered 105 
20% &c, on each ſide of the firſt meridian; then graduate the firſt meridi- 
an into degrees; and at every tenth draw a parallel numbered 4o, 40, 
50, 60. Now to find the number of equal parts, or which is the ſame 
thing of equinoctial miles betwixt theſe, parallels, proceed thus: 


s ORB fg te [od 10D 07 Done 
30, 1888 4949 Fenn 
50 3475 
22 28885507 
40 2623 11 | 2 
30 1888 735 


In the firſt column are the degrees of latitude; in the ſecond, the cor- 
reſponding meridional parts; and in the third, the diſtance of each pa- 
rallel from the parallel of 30 degrees. We muſt proceed in the ſame 
manner, to find the diſtance of each degree from the parallel of 30, or 
from one another, and where the ſcale will permit, the degrees may be 
divided into minutes; the meridians A C, and B D, may be graduated, 
alſo the parallels A B, and C D, and the places laid down accord- 
ing to their true latitudes and longitudes ; or if the places be actually laid 
down their true latitudes and longitudes may be found, and alſo their 
bearings and diſtances by the following problem. 


| eee eee 
Having the latitude and longitude of a place; to find it upon the 
chart. | | 
R Ki. A.M Wangen 


I want to find the lizard, which by the tables, is in 50 degrees north 
latitude, and in o longitude, tad Reed 

Look on the graduated meridian for 50 degrees of latitude, where in 
this chart, there is actually a parallel drawn, and becauſe the lizard has 
no longitude, it will be at the interſection of the firſt meridian with that 
parallel, 12 Tn 1 | 

C 7 

I want to find the iſland of Madeira in the chart, whoſe latitude is 320 
17" north, and longitude 129 8“ welt. | mY 

Look on the graduated meridian for 320 17; then with a pair of com- 

. paſles 


* 
— ws — — —_ 


find upon the graduated parallel 12 80, on the weſt fide of the firſt me- 
ridian, and with another pair of compaſſes take its neareſt diſtance from 
any meridian; move both compaſſes, keeping the foot of the firſt in the 
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paſſes take the neareſt diſtance of that point to any parallel of latitude 


3 


parallel of latitude, and the other in the meridian, till the other two feet 


of the compaſſes meet, which will be the place required; obſerving to 


move the compaſſes ſo that their points be parallel either to a meridian or 
parallel. Or it may be done as in the plain chart, by laying the ſtrait 
edge of a ruler acroſs the chart, parallel to ſome eaſt and welt line, to 
interſect the meridian in 32 177 the given latitude; then with a pair of 
compaſſes, take 12® 8”, the given longitude, which ſet off by the edge 
of the ruler, from the point where the ruler interſects the firſt meridian, 
this will give the place required. 


PROB. II. 


To find the latitude and longitude of any place in the chart : This is 
only the reverſe of the former. 

Let the latitude and longitude of Madeira be required. 
With a pair of compaſſes take its neareſt diſtance to any parallel of la- 
titude, which ſet off from the interſection of that parallel, with the gra- 
duated meridian and it will be found to be 329 177. | 

For the longitude, take its neareſt diſtance from any meridian, which ſet 


off from that meridian upon the graduated parallel, and it will give 12® 8. 


PRO B. III. 


To find the bearing and diſtance of any two places upon the chart. 

The courle is found in the ſame manner as upon the plain chart. 

The diſtances in this chart cannot be meaſured, as on the plain chart, 
at once, by a ſcale of equal parts; for a degree of the meridian upon the 
globe, is at all places equal to a degree upon the equingctial; and there- 
fore if two places lie in the ſame meridian, their proper difference of lati- 


' tude will be their true diſtance, as in the following. 


NY „ + £05 1.6) an 
Required the diſtance from the Lizard in 502 ol north, and © longitud 
to an iſland in 329 17“. 71 Lizard 500 O 


1 


3217, 2048 
Meridional difference of latitude 142 miles 


Pro. dif. of lat. 17 43 
| 60 miles 
Diſtance 1063 miles 


Lat. 50? of 3475 merid. pe and in 32 17 
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No tho! the real diſtance betwixt . cheſe two paralleis upon the earth be 
1063 miles, yet upon the chart It 18-24. 273 ſo in this chart the diſtanoes 
are not truly ſet down, except. the places lie . the equinoctial, but there 


is a certain webos ef finding; the true diſtances, by theſe een 
the chart; ad tio aw yer ra_ A Genes 


* 


Ts 22 * 4 R 


"Cc A 8 E . 1 585 


If the two 7 lie under the fame meridian, den the. prope per diffe- 
©, 46 n in the afore- 
EY N 0 758 1s a * 1 25 


N nn! 13.511 FOUL © 233 336; * 1415 


If both 7 lie undel che equinocial, er the diſtance is t mea- 
ſured upon PTS b Walon KS | 
EY! PE * | | 


0 :x'S E i. 1 


To: find the din of two ole 1 in the large ente of lati- 
tude. x: 

In all Mercator $ charts there. is a direction how this is to be found, but 
when the ee are at any conſiderable diſtance, it will be very exrone- 
ous, as will 1 in the following J 8 OF 11 


E X A M PP: L E. 


Let the two lacks be in the parallel of 50? O and their difference of 
longitude 42 degrees, which is 2520 miles, and is the real diſtance betwixt 
them upon the chart, when meaſured upon the equinoctial, or gradua- 
ted parallel; but their true diſtance upon the parallel, is 1620 miles, 
which will make 42 degrees of the parallel of 50 of, tho' it wüll take 
2 2520 miles to make 42 degrees upon the equinoctial, for R: fine of 40 

2520: 16203 ſo the true Giftance | in the NJ 18 27 equindtiat 45 
grecs. „n 981 

The chart directs to take the diſtance betwixt the two places with a 
pair of compaſſes, and apply it to the graduated meridian, in ſuch a man- 
ner, that one foot may be as many degrees above, as the other is below 
the parallel; the — 5 intercepted between the feet of the compaſſes, 
allowing 60 miles to one degree, will, according to their direction be 
the true diſtance in the parallel; ſo that 25 20 miles taken upon the equi- 
noctial, which is the real diſtance upon the- chart, ſhould reach in the 
oraduated meridian from 369 30l, to 63² 30", the one being as much 

Ii above 


Rance betwixt theſe parallels upon the chart is 2615 <quinodtial 


err ꝶ6ö! To Sans = — 
* 
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above, as the other is below the parallel of 50% ol; ſor the true diſtance 
in the parallel is 27 degrees, the half of which, 137 go, being added to 
xo, gives 63 3o', and ſubtracted from go, gives 360 30"; - but the di- 


miles, 


as by the operation, which will occaſion an error of 997 miles, 


639 30! 4972 meridional parts 
r 


eee eit en 415619 difference; 420111 vi; r 8 UN WH TE 
＋ 0 femedy chis inſtead of the former take the following method. 


Rule. Open the compaſſes till one foot is half a degree upon the meri. 
dian below, and the other foot half a degree above the parallel of latitude; 
count how many times that extent is contained. bet wixt the two: places, 
which will give the number of equinoctial degrees betwixt them, and mul- 
tiplied by 60, it will give the true diſtance in miles betwixt theſe two 
places upon the earth, if taken in the parallel; which tho” not the neareſt, as 
was before obſerved, yet is the ſhorteſt that can be made by ſteering upon 
one point of the compafs: In the following operation we thall fee how 
near this comes to the truth. A degree upon the graduated meridian at 
the parallel of 30 of, ſhould be equal to the ſecant of 50 degrees, ſup- 
poſing the radius to be 60 miles; then R: ſec. 5o®: : 60: 93.34. 


-  * Wb. ae 10.191932 


60 wiles 1.77811 ES 
93.34 miles Tf. 97% 2 
t 1 0 C A S E + . 
| * | N on + i 19 _— FS "buy e 
When the two places differ both in latitude and longitude, to ſind their 


diſtance. £17 Ol i640 » $a" 51 1 P4443 £ Ys : 

Rule. 1ſt. Lay the edge of a ruler to touch the two places. 

2d, Take their proper diff. of latitude, with à pair of compaſſes, upon 
the equinoctial, apply this diſtance to the edge of the ruler, fo that when 
one foot is placed cloſe to the ruler, the other. foot may juſt touch ſome 
eaſt and weſt line, croſſed, by that edge of the ruler; and there ſtay the 
compaſſes, the diſtance by the ruler's edge, from the place where the 
compaſſes reſted ; to that place where the ruler croſſeth the aforeſaid eaſt 
and weſt line meafured on the equinoctial, gives the true diſtance, 


— 


E X- 


$row, nn OFMERCATORSACHEYRT, wes 
x | Partly! 05 Ho ji aft rope If - nl TIES 7 nets 2714 4 Cas l 
| E X R M P- L. E. eie xu) 10 
NI FC. 
Te che ; 10 ple be the Lived dl MR as t fas A. 1 2 N 
e, . Fe, dude h v. 
| 9a Aadeira / *.197 b 92 
Difference of latitude = 4a „N nba 


The ruler Mig laid upon the tw places, take the difference of lati- 


tude 17? 43 from the equinoctial, and when applied to the ler as be- 
— 4 directed, one foot a the wn par will den the point . 0 when the 
| will juſt touch the fuel Re Ei aged, ſo the diſtance 
8 b. to the Lizard, YO on t equinoctial, will be near 20 5 
grees, is 400 leagues, the true diſtance from the Lizard to Madeira; and 

the courſe S,.S. W. almoſt half W; the diſtance would be the ſame, if 
the difference of latitude were taken from the point L, to touch the | Pa- 
rallel of 60 in Hz; for then I. M would be the diſtance. | 

It muſt be qbſerved that by the diſtance js meant, that which is made 
on the romb tne from one . to MET which will not be wad neareſt, 


> 8 2 0 e At (Plate XII. 


The na and ns given, ale the latitude failed *. d ef find 
the difference of Jatitude, departure, and difference 'of longitude. 

The difference of latitude and departure are found exactly as in the 
plain chart, which we omitted there, judging it properer to. inſert it here. 

Let the place failed from be A, in the latitude of 30 o! north, and the 
courſe N. E. b N. 192 leagues. 

Rule. Firſt thro- A, draw a meridian and parallel of latitude. Secondly, 
With the chord of 60 degrees, deſcaibe an arch, on which ſet off three 
points, the given courſe; 2 draw the line A H, which make 192 leagues, 
the given diſtance, Thirdly, From H let fall to the line A C, the per- 
pendicular HF. A F meaſured on the <p uinoctial, or graduated- paral- 
lel, will be 160 leagues, the difference of latitude ; and * F meaſured 
on the ſame, will be nearly 10% leagues, the departure. 

This may be done without delineating the triangle thus: Fut, lay a 
ruler thro' the given place A, parallel to ſome N. E. b. N line. Se- 
condly, Lay off 192 leagues by the edge of the ruler from A to H. Thirdly, 
Thro H lay the ruler parallel to an eaſt and weſt line to interſect the gra- 
duated meridian; the diftance from the ruler to 30 in the graduated 
meridian, will be the difference * latitude, obſerving to meaſure. 4 

12 


1 


2% PF MERCATORY CHART. Chin . 


ance betwixt theſe | parallels upon the chaft is 26 1 <quinottial 1 A0 


— - Lhd 


dne point of the compufs:? In'the Toltowihg operation we 


: — — 
1 — - - 
* 


above, as the other is below: the of 50% 015 for the tous 
in the parallel is 2 drgrees, the half of which, 237 g be 
50, gives 639 30“, and ſubtracted frim go, gives 360 


* 2 ol 
0 _ 
. 


as by the operation, which will occaſion an crror of 999 miles. 


63 307 4972 meri idional p 5 
7 GE” - Parts enter 
3630 2355 
To array rittt tit: tte ene een bf oaks oh ade 


- Fo femediy this, mitend ö the mer take the following method. 
Rule. Open the compaſſes till one . a degree upon the meri. 
dian below, and the other fobt half à degree above the parallel of latitude; 
count how many times that extent is contained betwirxt the two plates, 
which will give the number of equinoctial degrees betwixt them, and mul- 
tiplied by 60, it will give the true diſtance in miles betwixt theſe two 
places upon the earth, if takth in the parallel; which tho” not the neareſt, as 
was before obſerved, yet is the ſhorteſt that can be mage by in 
| how 

near this comes to the truth. A degree upon the graduated ei at 
the parallel of $91.9 „ ſhould be equal to the ſecant of 50 degrees, ſup- 
poſing the radius to be 60 miles; 


en Re ſec 5o#: 260: 93,34. 
 ,” Logarkhm.\- 22 
„„ 2 
nen 650 miles 178151 18668 — 
> 2 4 þ 93.34 miles ＋ r. 970083 6 6 2520 
OE 000 e eee MES eee eee et 

. When the two places differ both in latitude and longitude, to find ther 
diſtance. 4.3%; 2617 eie eee der 25d a 
Rule. 1ſt; Lay the edge of a ruler to touch the wo mae 3 
2d. Take their proper diff. of latitude, with à pair of compaſſes, upon 
the equinoctial, apply this diſtance to the edge of the ruler, ſo that when 
one foot is placed cloſe to the ruler, the other foot may juſt touch ſome 
eaſt and welt line, croſſed by that edge of the ruler; and there ſtay the 
compaſſes, the diſtance by the tuler's edge, from the place where the 
compaſſes reſted ; to that place where the ruler croſſeth the aforeſaid eaſt 

and weſt line meaſured on the equinoctial, gives the true diſtance, . 


a7 Ex. 


7 
55 F 


« 


Or MENe ron N N 

„ eee ee eee ee worries; gy = 
rn we Age E LEA M FE TJ B. Pie XIII) 185} 007 

er ene be the Li $4384 40 43A T Bo, Je $4. C0211 gag 80 223 0 7 


Sau 4 a dadeire. ..; Ni waDg 230 350 
| 77 1 * 11 de 4 bee + Date 50 68 * 208 SIT * 12 VG 2 


101 . 5 4 . 
ö . ty 9 8 


Madera : 832 177 Bit) 21:91 

Difference of latirude 9 „bc, taifoning 
The ruler being laid upon the twö places, tke the aſia © of ls 
tude 19? 43 from 9 e ene, and when applied to the 
fe 


Sect; H. 
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fore fore direc one foot of the compaſlſes Will be in a the p D 
S 0 in che 21 e; diſt: 
from 6, to * meaſured on t 5 1055 1255 1055 20. de- 
ws is 400 the true 8 om the eee to 2 and 


the cours S,.S 


ek 1 fe ep IL 


It wuſt be 
on the rumb Ting from one lace to 4 1 hich Ga not A Cob bee. 
47 13 is; 71 


$14 +4 ee beine 222 

| e R 0. Bot. IV. I Pla Fi, 36 37 Us 7 © 

The courſe and diftance given, alſo the latitude failed fom, 9 find 
the difference ofJatitude, departure, and difference of longitude. ' 

The difference of latitude and departure art found exachly as in the 
plain chart, which we omitted there, judging it properer to inſert it here. 

Let the he place failed from be A, in the latitude af 30” 0 north, and the 
courſe N. E. b N. 192 leagues. 

Rule. Firſt thro ' draw a meridian and parallel of latitude. Secondly, 
With the chord of 60 degrees, deſcaibe an 1 0 on which ſet off three 
points, the given oute; and dra the line A H, which make 192 leagues, 
the given diſtance, Thirdly, From H let fall to the ling: A C, the per- 
pendicular HF. A F meafured on the equinoctial, or graduated paral- 
lel, will be 160 leagues, the difference of latitade :; and H 1 meaſured 
on the ſame, will be nearly ro leagues, the departure. 

This may be done without delineating the triangle das, Fult, * a 
ruler thro Ne wel place A, parallel is dene N., B. b. N Ine Se- 
condly, Lay off 192 leagues hy the edge of the ruler from A to H. Thirdly, 
Thro” H lay the ruler parallel to an-eaft and weſt line to interſect the gra- 
duated mefidian; the diſtance from the ruler to 307 in the graduated 
—— will be the  Giffercnce, __ latitude, A. to ne hy * 

12 
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the 


difference of latitade and departure, will 
latitnde ſhe Is in; for if the place ſailed fro 


of OPR1 
ſo in refpett of the longitude. hee bY! 
By the plain N when ſhe ſails from 30, the 


MER CAT ON ο re. SO 
8 the diſtanee muſt like wiſe be ſet off from A to H, in e- 
quino&ial 1ehguts: FO find the departüre. Pirſt, Withik pair of com- 
paſſes take the neareſt diſtance. of the point A, to any meridian, Secondly, 
et off that diſtance by the edge of the ruler,” (now' paſſing thro H, and 
parallel to an eaſt and weſt line); from the point where the ruler inter- 
ſes that meridian; the diſtance of that point from H, meaſured on the 
equinoctial, will be the departuſe .. 
Jo find the difference of longitude, it will neceſſary again to remark, 
that if a ſhip ſail any determinate diſtance upon pee runib, the 
Flatitace and departure, will always be the fatne in whatever 
m Were in the parallel of 38" 


4 


or, 466, the. courſe and diſtance the, ame as before ; the, difference « 


. 5 q 1134 5 - | L390 Ji84 ad « i. 43 1% &- 
latitude would Kill be 160, and departure 107, ag in the triangle K LM, 


{4 #55 © 48. ith. 4 OO Bott, E. en. ; ys I. ITT 12 {27 5 7 tee of 
Noyr tho” the alters her Wtitude equally in bath places, it will not be 
point Hat which he 


arrives, will be in 382 3; and when ſhe fails from 385, the point M at 
which ſhe arrives, will be in the parallel of 46 But in Mercator's chart, 
the point H is in the latitude 46* 41/7; and the point M in the latitude of 
44 of; ſo that neither of theſe points is the true place upon Mercator's 
chart that the ſhip atrives at. In order to find the true place, produce 
the line A H, to interſect the parallel of 389 in tho point K, produce 
alſo the line A F to G; K will be the place come to ju G, the difference 
of longitude; H F, the departure; A F, the proper difference of latitude; 
AG, the meridlan difference of latitude: But tho“ K be the place the 
ſhip is in, A K is not the true diſtance, but it may be found by the pre- 
ceding problem: When ſhe fails: from the parallel of 380, the true place 
O, at which ſhe arrives, is found by producing the line K M to O, in 
the parallel of 46* o' : / Produce alſo the line K L to N, then will N O 
be the difference of longitude; L M, the departure; L K, the proper 
difference of latitude; K N, the meridian difference of latitude. The 
differenee of longitude in the firſt, will be 388 miles; in the laſt it will 
be 433, being both meaſured upon the equinoctial; this ſhews the ne- 
ceſſity of knowing betwixt what latitudes any departure is made, be- 
fore the difference of longitude can be found; and that in order there- 
to the firſt thing to be done, is to find the departure, as directed in plain 
failing,” and then the difference of longitude may be found as here direc- 
ted; the reaſon of which will appear by carefully examining the princi- 
ples by which Mercator's chart is conſtructed. For tho' in this chart, 


the degrees of the parallels of latitude are apparently equal to the _— 
| 0 
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of the equinoctial. Ver if they be meaſuted ion in Cue 3. of the 


Fee. 


preceding problem they will be found to'retaim the ſame proportion to 
the degrees of the equinoctial in this; chart, 5 g . upon 5 
globe. Now the diſtance of any tw O places in any parall 1 
parture, at — diſtance 83 their meridians on the e ect al, is th 1 
difference ongitude equal to their. apparent * in he el 
on the chart; but when 5 ſhip alters both her latitude and” 12 7 1 
departure cannot be ſaid to be made 2 in Ig ka failed Then 
nor in that Come, at was obſerved beinen 955 bel 
mg laue 


degree of 


6 meridio= 


he 152 
didn are not na Wotinned abet proportion, yet in a ſhort run there 
can be no conſiderable error; we ſhall. therefore: in the next ſection work 
the problems of eee Giling boch by; the ANG [ Darth and 
middle latitude. | 
There are two linebols Gunter 8 ſeale, one of equ al parts Kel E P, 

which may ſerve to graduate the equinoctia; to > this. is adapted another 
line marked Mer. which ſerves to graduate the meridian; and by theſe 
Mercator's chart may be conſtructed, Now to find the diſtance etwixt 
any two parallels By "theſe two lines; as for inſtance, betwixt the paral- 
2 of 30, and the parallel of Go, extend from 30 to 6 on the line Mer. 
meaſure W on the pe *. P, is. 44 RNs, WARS 2640 re: 


& y 16 aol et angry tt: alt 02 
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CONTAINING THE 481008 CASES. 


Of M E R cart 0 R's , 84 1E ING. (Plate XII.) 
Ha, in the former eftion ſhewn how to conſtruct Mercater 8 
fin 


8 


chart, and the uſe of it in navigation; we ſhall now ſhew how to 
all that is neceſſary for the mariner to know without the chart; this 
is what is called Mercator's failing,” which preſuppoſeth the knowledge | 


of 


2 M RROGAT ON SAMT | Caprith 
of plain failing; The only defect of which, is chat hy the plain chart, 
the difference of longitude cannot be found, and tho, Merceter's chart 


gien tho b of longitude; the dra muſt be firſt _ 
: Naben chart. | > $i; — FE 9972 IF 7 2 es Ons 517154 5 3 by T 
PR 0 B. 4 aten. 


The Katie and longitude of two Places s Yi to fin a ther bes 
rance and diſtance. 


EX AMP L E. (T= XI) 
T demand the courſe and diſtanee Sam tis Lizard to lu. i | 
0 Latitude N. 1⁰ W & 


Tizard 50% , of}. o oo adds x 07 27 0 pee 
Madeira 32 17 1 — | CA 32 17 2048 
7 48 | merid. dif. of lat, 1427 
Gee 50 60 33 ! \ 
Proper differ, of lat 1063 3 728 difference of longiedde.” 


To delineate this. 1ſt, Find by che table of meridional parts the me- 
alan difference of latitude 1487. which Fog off from L to J. 2d. At 
! draw a petpendicular to L m, on whic h ſet oft the diflerence of longi- 
tude 728, and draw the line / m. zd. Set off the proper difference of 
latitude 1063, from IL. to 6. 4th, Draw. W F 
6 b will be the departure; L in the diſtance; the angle . Ln, the courſe. 

The triangles L. 1 m, and L $6, are ſimilar; therefore LI; I m:: LI 
: 5 b, that is the meridional difference of latitude is to the difference of 


longitude, as the proper difference of latitude is ta the departure. 


As the meridional difference of latitude” 1427 ii * 3.154424 
Is to the proper difference of latitude 1063 3.026333 


So is the diſſerence of longitude 728 2.862131 
| 5.888604 
To the departure 13 G3) ene 734240 


By Gunter's ſcale, the extent from 142) to 1063, will reach from 726 
to 542 on the line of numbers. 

The departure being thus. found, the courſe and diſtance may be 8 
by the 6th caſe of plain failing ; or without the departure, the courſe 
may be found by this proportion, as the meridional difference of latitude 
is - the difference of longitude, fo is the radius to the tangent of the 
courſe. The extent from 1427 to 728, or from 1063 to 542,33 if taken 


on the line of numbers, will reach on the tangent line m 45 to 270 2% 
See the Operation, As 


— CS Os Do. OOO 7˙ : 


erer. I, NME N CANON 2 


nal d lartads 44747 
ee eee, e 


5 
Few 15 1 Betts: 


- So is th differente —— 6d, 3827705 B 55 140 
To tang. of courſe 270 27 8.8. W. W. Eh 197197 Tangent NE Os 1 8 85 
The courſe being thus found,, the diftange'may be found by Caſe;2. of 
Plain Sailing. Thus 8. C. of 27% 2 R: difference et 2063: : 


— diſtance: 5 Lon. "y partute 
To fin re by the aid” ati dtude, add the two latitudes, 
the half of Abd n ſubtract Senh 90, gives the complement of the mid- 


dle latitude ; then N: S. C. latitude: : ; difference of Jongitade : departure. 
« Lizard  .. 50.0 As radius 2 10-000000 | 
Maderia 32.12 mY ſine TIE * 9.876899 
Sum 82.12 Diff. (oblong. 728 2.862191 
Half As Deparune 548-2, , 2.738920 
Complement .48.52 A EGS 179 Fig 2830 5b οσο 


Gunter's ſcale; the extend from o to 49 on che line af lines) will 
from 728 to gag on che line 1 


The Aeeder Borie the de te, by this ad the erg is on- 
ly 6 miles, which 38 0 [wall, xe ie wur make no di erenee in the diſ- 
tance and bearings, _ an 


The departure may be Found in in che table "of differ — nge of 6 FO and 
departure: Thus look for the complement of the middle latitude as if it 
were a given courſe, and for the difference of longitude as if it were the 
diſtance failed on that courſe ; the departure correſponding to that courſe 
and diſtance, will be the true Jepurture required. Here the complement 
of the latitude is 49 neareſt, which find in the table. But the difference 
of longitude:  icerds the diſtance in the tables, therefore take 100 ſeven 
times, and then 28; now againft 100 in diſtance column, is 75.7 in the 
departure column, which multiplied by 7, is 528.5; to which add 18.4. 


the departure correſponding to the diſtance 28, makes $46.9 - for the 
whole departure. 


The reafon of this is, becauſe. if in a right angled triangle, ir the an- 
gle be made the complement of the latitude, the hypothenuſe will be the 


radius, and the baſe the fine of the angle; but the wee e may be 
called the 2 and the baſe the e | 


Both latitudes and Adin given, | to find the difference of lopgitude. 
. Rule. 
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former, and the pro [i 


Rule. Find the p proper. and meridional difference of ene as in the 
rtion will be, as the pr re ence. of latitude 
e 


is to tlie meridional ifference of la latitude, ſon Is dee the a | 
rence: ae rn 0 8 
et To 4 7 N F 1 3 2 — 1 


4 git in latitude N. 4 49* 10“, and 1 77 22 W. e Fry N. N. 
till by a good obſervation ſhe is in Re e of 55, þ 9%, I de- 
17 e "longitude & come to. ; N WAY 


Latitude come t 3440 3731: meridional parts 1881 215 
Luatitude failed Gd": 49.10 3322 
Prop. diff. of lat. 20 lea, 3. 30 334 merid. diſt. of lat. 111 leagues 


The de parture by the tables will be found to be nearly 42 leagues. 

To delineate this. 1ſt. Make the line a J 70, and 2 6 111, by y any 
ſcale of equal parts, and draw the perpendiculars &'c, and 4 e. 2d. Make 
d e 42, and draw the line à e, which produce to c; then'ae will be the 
diſtance ; de the departure; 6 c the difference of longitude; ad the pro- 
per difference of latitude; 4 & the meridional difference of latitude. 

Note. This is by a larger ſcale than that by which the chart is made. 


As 70 proper difference of latitude 1.845098 

s to 114 meridional diſtance of latitude ee e . 

So is the Oy 42 4 ON. ; 
15 3.008572 - Ws 

T6 difference of cite 66. b leagues = 1.82 3474 


By Gunter's ſcale; extend from 49% 10“ to 52 40 upon the meridional 
line: This upon the line E P, will be 5 degrees, and ſomething more 
than a half, makes 334 miles, 'the meridian difference of latitude: The 


proper difference of latitude is 210 ; the departure is 126. Then,. 
rop. di. lat, Depar. Mari di. lat. D. f. long. 


210 : 126: : 384: 200 Dari | 
By the middle latitude S C mid. : lat.: R: : dep. ; D jrngtnbde! 570 
529 40! J As line of a 1 g 2.22 = 
49 10 WES ' | Is to radius 10. 00000 
101 50 ſim So is 42 departure 11.623242 
50 55 middle latitude * | To diſ. of long. 66® 52! 1.823598 


39 5 comp. middle latitude 


By Gunter's ſcale ; the extent from h fide of 39 to 90, will ach 
from 42, on the line of numbers, to 66 7 | 
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Mich the pole ola he 


the center; the meridians would all be ſtrait likes interſecking one -an0o- 
ther in the center, and fo the radius of the equinoctial would be one 
quarter of the meridian. The radius of any parallel of latitude would be 
the ſine of the complement of that parallel, or its diſtance from the pole, 
and the ſine of the parallel would be that part of the meridian intercepted 
betwixt the parallel circle and the equinoctial; this being premiſed. iſt. 

With the chord of 60, or ſine of 30, deſcribe an arch, or circle as in (Plate 
XI. Fig. II.) ad. From any point H, ſet off the given difference of lon- 
gitude, 67 leagues, to F, and draw the chord H F, and radii C F and 
CH. 134 With the ſine complement of the latitude, Viz. 39 degrees 
from the center C, deſcribe the arch R M; the chord R M will be the 
departure required. For the triangles C HF and CRM are fimilar, 


K k there- 
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therefore CH, the radius, is n e difference of longitude; as 
X x | Fs, 


CR, the fine complement, is td R M, the departure. If you have 


no line of ſines,/ lay off 50 55", the given latitude, by the chords from 


H, both ways upon the equinoctial, a ruler laid acroſs by theſe two puints, 
will interſect the meridian C H in R, and R will be the radius of the 
par: Hels 1 * 8 4 9 885 119 91111 0 OUT IO! N 33921221 
5 Rating c tende in the parallel to find the difference bf longitude. 
© To delineate this, is only the teverſe of the former. iſt. With the 
fine complement of the latitude from the center C, deſcribe the arch 
RM, making the chord RM equal 42 leagues, their given diſtance in 
tbe parallel. ad. With, the ſine of go, or chord of 60, deſcribe from 
the center C another arch, and produce the lines CR and C M to in- 
terſect that arch in the points H and F, fo ſhall H F be the difference of 
longitude. F 27 167 : 46 2K G "yy 5 A b Sf 0 ll 11857 118 1 * 8 
We have now explained the fundamental principles of navigation, and 
ſhewn how to ſolve all the problems, and various caſes of plain, Merea- 
tor, middle latitude, and parallel failing, that are neceſſary for keeping a 
reckoning; and as to great circle ſailing, it may be ſaid to be impracti- 
cable, at leaſt by any ſea chart; for the arch of a great eirele makes un- 
equal angles with all the meridians ; and how to deſeribe ſuch a curve 
upon a chart, wherein all the meridians are parallel to each other, ſeems 
if not impoſſible, at leaſt fo difficult, that the benefit ariſing from thence 
would not'compenſate the labour ; for, fu poſing it actually deſcribed, 
there muſt be a new invention to direct a ſhip in that curve, for it can- 
not well be affirmed that it could be done by tlie compaſs. We ſhall 
therefore omit this, and proceed to the application of what has been ſaid 
to the actual keeping of a reckoning, w ch ſhall be ſhewn-in the next 
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To work! an Obſerodtion, Janis 15 to find the Zenith b Aibance by Davis's 
|  Waarant, ; (Flats - XI. Fig. L V.) | "rs RAS 4 
* F Ur 2 691:3; e e {5 0060: ieee 
"H I $ cnfirament conſiſts of two arches both drawn from one cen- 
ter H to conſtruct which, upon the point H raiſe, H perpen- 
— to HO; with the radius Hs deſcribe an arch 8 F, which make 
30 degrees; with the radius H G, deſeribe another arch G K, which 
make 60 degrees; number the great arch, beginning at its interſection 
with the line H. O, to 30 upwards; numbet 100 little eech from. it inter- 
ſection with the line A. increaling down, $6109 ; 0 that both . 
ther make 90 degrees. F 
It has three vanes, one e fixed itomoveably. at H, with 2 fut i in it, this 
is called the horizon vane ; 1 another is fitted to move upon the great arch, 
with a hole, which. muſt be toithe obſerver's eye, thro which, and 
the ſlit in the horizon: 1 vane, horizon muſt be ſeen; this is called the 
ſight vane; the third is fitted to move upon the ſmall arch, it.is called 
the ſhade vane, becaufe the ſun throws its ſhadow upon the horizon 
vane : Theſe two vanes muſt be ſo placed, that the obſerver. may ſee 
the ſhade exactly upon the upper ſide of the flit, at the ſame time that 
he ſees the horizon thro! the ſlit, and counting the degrees upon both 
arches, their ſam will be the zenith diſtance. 
To prove this; from the center H deſcribe the Gd irate AZM a O 
to repreſent an azimuth circle; A the horizon; Z the zenith; G the ſun, 
Place the fight vane at o degrees, on the great arch, and when the hori- 
zonA is ſeen thro* the ſlit at I, the perpendicular Z H, from the zenith, 
will cut the little arch at o Hlegrees : | Let the ſun be at Af it is plain the 
angle Z H , is his zenith diſtance, which meaſured by the lille arch, 
is 40 degrees, being the place whiere tlie ſhade vane is placed: But be⸗ 
cauſe the arch will not a of being divided into minutes, let the ſhade 
vane be __ at 2 5 A — 8 muſt be e till the bye 
2 I 11 Dolls 21 18 
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254 OF DAVISs QUADRANT, Gee 
H @ ; cut the little arch at 5 degrees, and then the line H O will cut 
the great arch at 15 degrees; Progr he line 7 S to M it is plain the 
angle ZH M, added td I th angle wi be the ſun's zenith diſ- 
tance; to meaſure the angle 25 H M, = os the - G perpendicular 


to HS; Ne cot. thy 1 age rage wt be 
d BUY 


laced at K to ſee the hk: WI de den 
Ar the 5-2 arch; WV fle FS Ale 91 foie 


the angſes M IH G and Z HO are equal, b Sou rig wor Therefore 
| taking te angle M H O frbm both, the 90515 2 i M and GHO 
will be equal; therefore the degrees on both Wa bg being added together, 
win be the. zenith diſtance, which, being hade che Intituce, will Sd 
by Chap. IT. Sea, III. Prob. . 14. .LX 23914); 

The beſt inſtrument for ling the altitude at ea | is u Hadleys 8 quadrant, 
but as 225 is a ſmialt Pepi e explai ning the nature; uſe; and He 
ory of Which that cafiousand tſeful inſtrument is fotindedggiyeh gratis with 
it whetever it is fold 5 it will be necdlels to give a deſeriptibh of it here, 
After latitüde is thus found by a good .obfervation; if it agrees: with 
the latitude by the account, it may be reſdtned that your longitude by 
account is trug; but If there be any rable differente, 1 tray be 
feared there oil tikewtſe be an error in the lorigit gitude ; to correct which 
there can be no certain rule, becauſe it is uncertain whether the error is 
in the courſe or diſtance ; for it muſt always be ſuppoſed, that the artiſt 
has given all the proper allowances in caſting up the day's work, and 
frequently exe the log line and glaſſes, afid likewiſe taken all op- 
portunitieh of examining the current, and com this wiell his former 
journals: If after all this the obſerved: latitude, and that by account do 
not agree; the only thing that can be done, is to let the longitude go as 
by his account, or aks a remark what the longitude would have been, 
provided the -error Was in the courſe, and ſuppoſing the diſtance true; 
and likewiſe what the longitude would have been, were the error in the 
diſtance, and the courſe true; ſo that it may be Preſumed one hong: theſs 
three may chance to hit. 

H a ſhip be failing due north or ſouth, her anc of latitude, and 
diſtance, will be the ſame; and if they differ by obſervation; it is likely 
the error is in the half minute glaſs, or log line, but if ſhe ſails dus eaſt, 
or due weſt; ſne does not alter her latitude, but if by the obſetvation it 
is found ſhe has made any difference of latitude, hooks certainly muſt be 
error in the courſe, which may be owing to the ſteerage, or the compals, 
for the needle does not always point out the meridian, but varies ſome- 
times to the eaſtward, and ſometimes to the weſtward of it; and this is 
what is called the variation of the compaſs, and muſt be found before the 
courſe can de corrected. SECT. 


9 "+ * CA | a " * ; Pegs 
Sor. + v1 255 
1 2 8 
; 4 WP 


»% TH gar Xt my T” av TIN 7 ' - | 
a OR 24:91 3318 PIG 1 


4 14 | 5 7 8 34 
4 dar den akk, Be G. N M, 1 


1 


. 


| HEN 2 y heave | bjeR, © Ae Wr. or the g is Þ ETON 
20n, 2 poifit of 9 i compals that it bears. be fy 1 


| upon mn had 
ſig fitted to the a wp and by an e Ina s the 1 


grees may be found, that the obſect is diſtant from the eaſt, or weſt 
of the 3 this is called the magnetick amplitude, and if this agrees 
with the true amplitude, there is no variation; ſo the true Waffen 
muſt de found either geometrically, or by calculation, . 


It was ſhewi in Chop, II. how to do this geometrically ; and to do this 
by calculation, the following probivin will ſerve, N 


1 PROB. 1. 
The ad the place, and the ſun's — Gen ue, and the 


A 


1 e. 
| E X AMP L. E. 32 
5 Latitude wo 16"'N. 
| The proportions | " . 
As dhe ſine of 619 44:*hg,comp. of the bude by Pans 
Is to the radius 10.000000 
So is the fine of 150 a che decliention:. 42.424425 
To the fine of the amplitude 179 v 9.479302 
By this it appears that the ſun then riſes E. b N. + N. nearly, but if by 


the compaſs it bears E. + N. there will be a point variation o know he- 
ther the variation be eaſterly or weſterly, take this general rule. 

When you are looking to the ſun to take the amplitude, if che mag 
netick be to the right hand of the true, the variation is weſterly, as in this 
caſe; and to rectify the courſe ſteered, there muſt be one point taken to 
the left hand, if the courſe ſteered be N. b E. the true courſe will be N. 
which ſhews that the north point of the compaſs is a point to the weſt- 
ward of the true north, but if the magnetick amplitude be to the left 
hand of the true, then is the variation eaſterly; and in correcting the 
the variation muft be allowed to the right | n, on en courſe 

eered. 
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DEMONSTRATION. ; 11; 
Of the proportion for finding the true amplitude ſee Plate XI. Fig. IJ. 
Let P O be the given latitude, P Z is the complement; thro' P draw © 
P p, parallel to the horizon H O, draw. the. parallel of declination E X; 
to interſect the horizon in X: C X, will be the fine of the amplitude; Cw 8 
the ſine of the declination, and Pp the ſine complement of the ati 
tude ; the triangles P p C, and C & X, are ſimilar, for the angles at 
and x are both right; the angle at X is equal to the angle PC p, being 
each of them the complement of the latitude; therefore P p the fine 
complement of the latitude, is to PC the radius, as Cx the ſine of the 
declination, is to CX the ſine of the amplitude. | 
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When the ſun is riſen any conſiderable heighth above the horizon, it 
will not be eaſy to find its true bearance by the compaſs, but, if it is with- 
in 10 or 12 degrees of the horizon, it may be had by an azimuth compaſs; 
The ſun's azimuth is an arch of the horizon, contained between tie 
ſouth or north points of the horizon; and an azimuth circle paſſing.thro* 8 
the center of the ſun to find this geometrically was ſhewn in Chap, II. 
And to do it by calculation the following problem will ſerve. 2 
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The. latitude of the place, the ſun's declination, and altitude being 
given, to find the azimuth, | | e | 
„F "© SY = 
Latitude 289 167 N. declination 15 24 N. altitude 90 3“. | 
Rule. 1ſt, Take the complement of the altitude; the complement of 
the latitude; the complement of the declination ; and add theſe three 
together. 2dly, Take half this ſum, from which ſubtract the comple- 
ment of the declination. -3dly, Take the fine: of this remainder, and the 
line of the half ſum from the logarithms. © 4thly, Take the fines of the 
complement of the altitude, and the complement of the latitude from J 
logarithms, and ſubtract each of them from the logarithm of the radius, 
the remainders will be the complements arithmetical of thoſe fines...; . 4 = 
Now theſe four muſt be added together, viz. the complement ariths 7 
metical of the fines of the complement of the altitude, and of the come» 
plement of lattitude, and the fines of the half ſum, and remainder. Half 
the ſum of theſe four logarithms is the logarithm of the line ccmplement, t. 
of halt the azimuth required. — 49) 44 a, 3 90 "of 
al | 
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231 51069 36 Comp. dt hf] arithinetical of the fibe .o | 
61 44 Comp. latitude, comp. arithmetical of the ſme ©.055146 
24.36 Complement declination + - | | 


216 50 Sum of the three 


py 


1088 25 Half ſum; from 180 remains 71 35 | Sine "9:977 167" 
97 24 36 Complement d e p gh | 
zo) el 39” 49 "Remainder! rtrar att (EE 207 dune 9 — 745494 


Sum of the four 19: 783804 
28* 46 ls cb of 51*147, of which the ſine 1 is à the ſum 9. 1 1 
38 46 © 141 
17722 The ſun's azimuth from the north 
Note. If the declination be ſouth, and arftode _ and the 88 
inſtead of taking the complement of the declination you muſt. add 90 
_ thereto, and proceed as before. 
The demonſtration of this problem depends upon the doctrine of 
ſpherick trigonometry ; for here are three ſides given, vig. the comple- 
ment of the altitude, the complement of the latitude, and the ſun's: di- 
ſtance from the elevated pole; this laſt will be the complement of the 
declination, when the latitude and declination are both north, or both 
ſouth ; but if one be north, and the other ſouth, go muſt be added to 
the declination; the three ſides being given, the angles are found as in 
the proceting operation. 
aving thus found the true azimuth, the magnetic is found by . | 
ſervation ; the ſame directions as were given in the amplitudes, will ſerve 
to know whether the variation be eaſterly or weſterly, 
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| How 70 lee a Rechoning at Sea in order to know at any time 
_ the Latitude and Longitude the OP, bs in, and the . 
and Diſtance to any Port. 


1 H E regular method of doing this, is ; by keeping an exact account [ 


of the various courſes, and diſtances failed in 24 hours; for which 
on the log is hove every hour, and the diſtance 8 courſe. ſet down | 
in proper columns, in a book provided for that purpoſe, which is called 


the log-vook, ruled and column d as urn in the „eee e 
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| In the firſt col the head, 1 Hier bong, wes WTI. 
down: the hours; = 25 has K at the head, in which art ſet down 
the knots run out at every "hour; the third column has: 3 the head, 
in 1 are ſet down the odd fathoms at every hour; the fourth has 
_ courſe at the head, in which are ſet down the courſes correſponding to 
a0 bond, z the fifth has winds at the head, in which are ſet dawn the 
bf the winds; the fixth has remarks at the head, in-which' is ſet 
down 8 "fail is cattitd: andthe weather, which are two things very 
3 obſerved ; for if ĩt blows. hard a ſhip cannot make good 
the courſe ſteered by the compaſs. 

In fome ſhips the log is hove once in two hours, and fet down upon 
a board, from which every one that keeps an account, tranſcribe it into 
his own book, and'then:redaces all the different courſes into one, and 
Finds the whole difference” of latitude and departure made the laſt 24 
hours, as directed in plain failing, and *the difference of longitude by 
Prob. II. of Mercator's. | 

Tho” this account be kept by the greateſt care and exactneſs, there 

will often be E errors diſcovered in the latitude, by good obſer⸗ 

vations; and in the lomgitude when any known land is made, 
The occaſion of ck errors may be attributed to theſe four following 
cauſes. rſt. If the log line and-glats be not duly proportioned to one k- 
nother, there will be aw error in the diſtance; for admitting: the glaſs to 
be only 29 ſeconds, and the line right divided, the ſhip Wi be a head 
of the account the zoth part of the diftance ; for there is only an account 
taken of what ſhe runs in 29 ſeconds, and whit ſhe runs in the Zath is 
omitted; but if the glaſt be trne, and the line fhort divided; the account 
will be a head of the ſhip ; for ſuppoſing the 120th part of a mile to be 
50 foot, and the ſpace between the knots_to be only 45 foot, it is plain 
that every 50 leagues rum by the-account; is only 45; ſo that the ſhip 
muſt run the 1oth part of the whole diſtance, more than by the account, 
before ſhe makes the land. ad. Is owing: to the variation of the rer. 
tick needle, which does not always point out the meridian; this wil 
eaſion a great error in the eourſe, if the variation is not known, and W 
ed in the courſe. zd. Is owing to the ſee-Wway a ſhip make; forwhen 
a ſhip ſails cloſe by the wind, ſhe does not make good | the courſe n 
dy the compaſs, but falls to the lee ward of it, more or leſs acdord:ng. 
the ſail ſhe carries, and the heighth of the ſea. Ath. -Is ee is a $i 
curtent; for when that ſets upon the fame rumb which the ſhip as ſteer - 
ed, her real diſtance will be more than by the log; and if ic ſets upon dhe 
«polite rumb, it will be leſs; and if it ſets ath wart ithe Hip 
Vi ill occaſion an error both in the courſe and diſtance, , 
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FT ER the d is thus copied, the next thing to be done 
is to reduce all the various courſes into one, ſo that the whole dif- 
crence oi latitude, and the — departure may be found ; this is what 
is 


260 TO WORK απ DAT. oRRX CAT v. 
is called Working a days work. In order to which, it will be proper to 
make t traverſe table, upon à flate or waſte paper, as directed in plain 
failing. But it muſt be obſerved the courſes muſt be corrected, by al- 
lowing for variation and lee-way. Now, as our account is to begin from 
the Lizard, we muſt ſuppoſe the ſhip to fail 8. E. from it, to the place 
ſhe, was in at 3, when it, bore N. W. and becauſe there is one point, and 
+ variation, the courſe corrected will be S. E. b E. 4 E. The next courſe 
ſteered is $. W. allowing variation, makes S. S. W. + W. but when the 
wind came to W. N. W. Lallow 1 point lee-way, makes it 8. b W. æ W. 
when the wind comes to weſt, ſhe lies only S. S. W. and allowing for va- 
riation and lee- way, ſhe makes only 8. E. courſe; the laſt courſe ſteered 
is 8. W. b S. the wind being large, makes no lee-way, allowing the vari- 

ation; true courſe is S. b W. + W. The courſes being thus corrected, 

againſt the firſt ſet down 12 miles, the diſtance from the Ligard; againſt 
the next is 406, being what the ſhip has run by the log from 3 to 11; a- 
gainſt the next is 62, being what ſhe has run from 11 to 2; and from 

5 to noon; againſt 8. 4 E. is 14 miles, what ſhe failed from 2 to 5: We 
may then find the proper difference of latitude and departure to each 
courſe, by the table; the ſum of the ſouthings is 118 miles, that is 1 58“, 
and becauſe the latitude is decreaſing, this muſt be ſubtracted from the 
latitude of the Lizard, which makes the latitude by account 487 27, but 
by obſervation 47 561; the whole weſting is 44.5, and eaſting is 11, fo. 
the departure is 33. 5 weſt. - And. by this, ta find the difference of longi- 
tude, add the latitude failed from, and that come to, into one, and ſub- 
tract half that ſum. flom go, the retnainder is 419 2½ the complement 
of the middle latitude. Again ek in the table of difference. of latitude 
and departure for 41%, and look for the departure 4343.5, in the proper co 
lumn, inſt which, in the diſtance aki is 1 5 the 4 5 lon- 
gitude. To find the latitude by the obſervation, look for the declination 
correſponding to the day of the month, which is 22? 47, added to the 
zenith diſtance 25 9“, makes.47?. 56. After finding the whole diffe- 
rence of latitude and departure, becauſe the numbers exceed thoſe in the 
tables, I take half of each, which J find in the column correſponding to 
16 againſt 62 diſtance, which doubled, makes 124, as in the operation 
under the log; the like proceſs muſt be uſed every day at non, 
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The preceding three days will be ſufficient. to ſhew the manner of 
taking off and Working tlie log, as the operations for finding lati- 
tude by the zenith diſtance, and the variation of the wn 4, Þ an am- 

litude and azlmuth,” are there ſet down at large. We ha ea ſhewn 
be to correct the courſe, by allowing for lee-way and , and 
how to account for a current. After working each day's work in the 


d they may from thence be transferred into a avs the en 


which is hereunto annexed. ee eee 
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Journal of a Voyage, intended by Gets Pony in the Sh mY Fry 
aaa to a under the Command ef A. B, in the Fear 1738- 
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R OM, what has len ſaid, it is plain, that if the account of ks 
journal be true, the ſhip will arrive at her deſigned - port, by ſteer- 
ing ſuch a courſe as the journal directs, and in order to fail into the har- 
bour, if in a tide way, the mariner ſhould know what time it will be high” 
water; but as this is governed by the moon, it ollows, that to attain this, 
the firſt thing to be done is, to find her age. X . 

If the wn all contained an equal number of da ys, and the change 
of the moon was always on the laſt, day of every „1 the day of the 
moon would then be the ſame with the day of the month, and __ ſhould 
have exactly twelve 2 moons every year; but it has been found 
by a long ſeries of good. obſervations, that every year contains twelve 
compleat moons and eleven days more, very nearly, ſo that if the moon 
happens to change any year the laſt day of December, it will be eleven 
days paſt the change on the laſt day of the December following; and 
twenty-two days after the change, the Webs year, and the third year 
it will be thirty-three days; but as there are but 29; days from the change 
of the moon till it changes again, it is plain that in three years time, 
which contain 36 months, we ſhall have 37 compleat moons, and three 
days more ; ſo that the moon will be, on the laſt day of December, in 
the third year, 3 days after the change ; and on the fourth it will be 11 
diys more, that is, the laſt day of December will be 14 days after the 
change. Now it will be very eaſy to find the moon's age any day of the 
month provided the moon's age be known the laſt day of the preceding 
year, our firſt buſineſs then ſhall be to ſhew how this þ is found. 

As every year contains 12 moons and 11 days, every three years will 
contain one whole moon more than months, and three days more, ſo that 
18 years will contain ſix whole moons more than months, and 18 days 
more; that is to ſay, if the moon changes on the laſt day of December, 
it will be in 18 years afterwards, 18 days paſt the change on the laſt day 
of December ; and the year following, viz, the 19th year, it will be 11 
days more, which makes 29 days, and this being a whole moon except 
half a day, we ſhall have new moon ſome time of the laſt day of De- 
cember ; ſo that at the expiration of 19 years the new and full moons 
happen on the ſame day of the ſame month they did 19 years before that. 

This revolution of 19 years is called the lunar cycle, or the Metonic 
cycle, from its author Meton the Athenian, The new moon, or the change, 
Was 
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was on the laſt day of December, two years before the birth of our 8a- 
viour, ſo that every nineteenth year from that time the moon changed 
on the laſt day of December, and the year of our Saviour's birth was the 
ſecond year of the cycle. Hence it is manifeſt, that if we add 1 to any 
year ſince our Saviour's birth, and divide the ſum by 19, the Guotient 
will ſhew how many cycles have paſt ſince its firſt ' commencement; and 
the remainder will ſhew what year of the cycle that is, which is called 
the golden number, or prime for that year; it finds the the age of the 
moon on the laſt day of the preceding year, or the number of days paſt 
ſince the new moon; this number is called the epact, and nc the e- 
pact of the firſt year is 11, of the ſecond 22, of the thire 35 and fo on 
conſtantly increaſing by 11, as was before obſerved; it is evident that to 
find the epact for any year we mult multiply the golden number by 11, 
the product if leſs than 30 will be the epact for that year, if it exceed 30 
divide it by 30, and the remainder will be the epa t. 

22 + Required the Epaël for the Year 1730. 

Firſt find the golden number by the preceding rule. 

To the year 1730 golden numder a 
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Now as the epact (expreſſes the age of the moon on the laſt day of 
December, it is plain that if the moon changes on that day in any year, 
it will change on the-20th of December the next year, becauſe on the laſt 
day of December it will be 11 days paſt the change; but if this 20th 
day be called the 3 1ſt; as was the caſe in the year 1753, when the ſtyle 
was altered, it will make an alteration in the epact of 11 days: There- 
fore to find the epact ſince the commencement of the new ſty le, wo meh 
vide 
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The preceding three days will be ſufficient. to ſhew the manner of 
taking off and working the log, as the operations for finding the lati- 
tude by the zenith diſtance, and the variation of the compaſs. by an am- 
litude and azimuth, are there ſet down at large. We have alſo ſhewn 
ow to correct the courſe, by allowing for lee: way and variation, and 
how to account for a current. After working each day's work in the 
log- book, they may from thence be transferred into a journal; the form 
of which is hereunto annexed. Api vwawsl | | 


Journal of a Voyage, intended by God's affitance, in the Ship Sea-Horſe, 
from London to Jamaica, under the Command of A. B. in the Year 1738. 
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/ the Moon's Age, and Time of High Water. 


ROM what has been ſaid, it is plain, that if the account of the 
journal be true, the ſhip will arrive at her deſigned port, by ſteer- 
ing ſuch a courſe as the journal directs, and in order to fail into the har- 
bour, if ina tide way, the mariner ſhould know what time it will be high 
water ; but as this is governed by the moon, it follows, that to attain this, 
the firſt thing to be done is, to find her age. | | | 
If the months all contained an equal number of days, and the change 
of the moon was always on the laſt day of every month, the day of the 
moon would then be the ſame with the day of the month, and we ſhould 
have exactly twelve compleat moons every year ; but it has been found 
by a long ſeries of good obſervations, that every year. contains twelve 
compleat moons and eleven days more, very nearly, ſo that if the moon 
happens to change any year the laſt day of December, it will be eleven 
days paſt the change on the laſt day of the December following; and 
twenty-two days after the change, the ſucceeding year, and the third year 
it will be thirty-three days; but as there are but 294 days from the change 
of the moon till it changes again, it is plain that in three years time, 
which contain 36 months, we ſhal] have 37 compleat moons, and three 
days more; ſo that the moon will be, on the laſt day of December, in 
the third year, 3 days after the change; and on the fourth it will be 11 
diys more, that is, the laſt day of December will be 14 days after the 
change. Now it will be very eaſy to find the moon's age any day of the 
month provided the moon's age be known the laſt day of the preceding 
year, our firſt buſineſs then ſhall be to ſhew how this is found. 
As every year contains 12 moons and 11 days, every three years will 
contain one whole moon more than months, and three days more, ſo that 
18 years will contain ſix whole moons more than months, and 18 days 
more; that is to ſay, if the moon changes on the laſt day of December, 
it will be in 18 years afterwards, 18 days paſt the change on the laſt day 
of December; and the year following, viz. the 19th year, it will be 11 
days more, which makes 29 days, and this being a whole moon except 
half a day, we ſhall have new moon ſome time of the laſt day of De- 
cember ; ſo that at the expiration of 19 years the new and full moons 
happen on the fame day of the ſame month they did 19 years before that. 
This revolution of 19 years is called the lunar cycle, or the Mefonic 
cycle, from its author Meten the Athenian, The new moon, or the change, 
was 
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was on the laſt day of December, two years before the birth of our Sa- 


viour, ſo that every nineteenth year from that time the moon changed 
on the laſt day of December, and the year of our Saviour's birth was the 
ſecond year of the cycle. Hence it is manifeſt, that if we add 1 to any 
year ſince our Saviour's birth, and divide the ſum by 19, the quotient 
will ſhew how many cycles have paſt ſince its firſt commencement, and 
the remainder will ſhew what year of the cycle that is, which is called 
the golden number, or prime for that year; it finds the the age of the 
moon on the laſt day of the preceding year, or the number of days paſt 
ſince the new moon; this number is called the epact, and fince the e- 
pact of the firſt year is 11, of the ſecond 22, of the thire 3, and fo on 


conſtantly increaſing by 11, as was before obſerved, it is evident that to 
find the epact for any year we muſt multiply the golden number by 11, 


the product if lefs than 30 will be the epact for that year, if it exceed 30 
divide it by 3o, and the remainder will be the epact. ROLE. 


SA, MP5 ICE 1; 
TEE Required the Epact for the Year 1730. 
Firſt find the golden number by the preceding rule. 


To the year 1730 golden number 2 
add I multiplied by 8 
divide by 190173100 , . product is the epact 22 
e 1729 . ; 


golden number 2 | 
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Now as the epact expreſſes the age of che moon on the laſt day of 


December, it is plain that if the moon changes on that day in any year, 
it will change on the 20th of December the next year, becauſe on the laſt 
day of December it will be 11 days paſt the change; but if this 2oth 
day be called the 3 1ſt; as was the caſe in the year 17 53, when the ſtyle 
was altered, it will make an alteration in the epact of 11 days: There- 


fore to find the epact ſince the commencement of the new ſtyle, we Ls 
ivide 
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divide the year without adding 1 to it, by 19, the remainder will be the 

golden number, which multiplied by 11 will give the epact as before. 
e 


Required the Epact for the Year 1754. 


199017. olden number 6 
TING mulüpliedd by 2 
1 product 30) 0602 
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""'6 golden number epact 6 


It is plain if the moon changes on the laſt day of any year, the day 
of the moon will be the ſame with the day of the month in January 
following till the change; and becauſe the time betwixt one new moon 
and the next is 29 days and an half, the 3oth day of January will be the 
firſt day of the next moon, and the firſt day of February will be the third 
day of the moon, and conſequently if we add two to any day of the 
month in February that year, it will give us the day of the moon; now 
as in common years February has but 28 days, if to this, 2 be added, it 
will make 30, which is half a day more than the moon contains; ſo that 
it will change on the laſt day of February, and therefore the firſt day of 
March will always be the ſame day of the moon that the firſt day of 
2 is, and the firſt day of April, the ſame as the firſt day of Fe- 

ruary (except in leap years, when one day more muſt be added to the 
firſt day of March), for if the moon changes on the laſt day of February, 
it will change again before the 3oth of March, and fo the firſt day of 
April will be the 3d day of the moon, and the 27th day of April the 29th 
day of the moon; ſo the 28th day of April will be the firſt day of the 
moon, and the firſt day of May will be the 4th day of the moon. 

Now, though the moon does not change the laſt day of December, the 
epact gives the age of it on that day, and therefore if the epact be added to 
the day of the month in January, the ſum will be moon's age; but in 
February we muſt add 2 to the epact and day of the month, to find the 
moon's age; in March again, except in leap years, the epact and day of 
the month will give the moon's. age, Hence this general rule will ſerve 
to find the moon's age on any day of the month, 

Rule, Add the epact to the day of the month, and the number for that 
month, the ſum. if leſs than 30 is the moon's age, if it exceeds 30 take 
30 from it, and the remainder will give the moon's age. Fon * 
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The following numbers pf be. added in the months to Which they 


correſpond. * 
BY = 0 rat Abri * | J 5 | Oftober' [3 ©; 8 | 
February 2 May © 3 Auguſt 6 | November 10 
March © Om” Lag * . December 10 


. 
EXAMPLE "i 


Required the moon's age the 24th day of January 1754. 

The epact by the preceeding rules will be found to be 6, the number 
for the month is o, now we have only 6 to add to the 24, which makes 
30, which being half a day more than a whole moon, the moon changes 
ſome time that day. | | mr 
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Required the moon's age the 26th of April 1754, to 46 ad 2 for 
the month, and the epact 6, the ſum is 34, from which ſubſtracting 30, 
the remainder is 4, the moon's age. | 

After finding the moon's age we may thereby find the tinte of high 
water from the following principles. 

It has been obſerved that when it is high water in any port, the moon 
will always be on the ſame point of the compaſs ; and as the moon in 
24 hours moves. through all the points of the compaſs, it is plain ſhe 
mult take 45 minutes in moving from any point to the next ; for 32, 
the points o the compaſs, multiplied by 45, gives 1440, the minutes in 
24 hours ; hence, if it is high water in one port at 12, and the moon 
then on the ſouth point of the compaſs, and high water in another port, 
when the moon is on the S. S. W. point, it will be 7 hour and 30 minutes 
after 12 when it is high water at this laſt place. 

Now, if the moon and the ſun were always on the meridian at the ſame 
time, the moon would always come to the ſame point of the compaſs at 
the fame hour of the day, and of conſequence it would be always high 
water at the ſame hour; but ſince the moon comes to the meridian 
with the ſun only on the day of the change, which happening only once 
in 30 days, it will from thence follow that the difference of the time of 
her coming to the meridian from the day of the change, or any day of 
her age, to the next day, will be 48 minutes; for, 3o the days in the moon, 
multiplied by 4.8 gives 1440, the minutes in 24 hours, at which time 
the moon will again come to the meridian with the ſun, and will then be 
on the ſouth fide of the compals ; the firſt day after the change it will 
b2483 minutes after 12, before the moon comes to the meridian, or ſouth 
point 
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point of the compaſs ; the ſecond day 1 hout 36 minutes; and as it is 
thus 48 minutes every day later in coming to the ſouth point of the 
compaſs, it will be ſo with reſpect to any other point, which is the 
reaſon that it is high water in any port 48 minutes later evety day 
than it was the preceding. 2 5 

From what has been ſaid, it is manifeſt, that before the time of high 
water can be found on any day of the moon, two things muſt be known; 
firſt, on what point of the compaſs the moon will be every day at High 
water; ſecondly, at what time the moon will come to the meridian on 
that day. As for the firſt, which is called the flowing; it muſt only be 
had by experience, and for the ſecond, which is called the moon's ſouth- 
ing, it will always be fonnd by multiplying the moon's age 'by 48, and 
dividing the product by 60, the quotient will give the hour, and the re- 
mainder the minutes the moon 1s on that day later of coming to the me- 
ridian than the ſun. Now theſe two being given, if to the hours and 
minutes of ſouthing we add the hours and minutes correſponding to the 
flowing, that is, to the point of compaſs on which the moon is at high 
water, the ſum is the time of high water on that day. 
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Required the time of high water at London-Bridge, Feb, 27, 1754, 
the flowing S. W. 

Becauſe when the ſun is on the ſouth point of the compaſs it will be 
12 hours, that is, either noon or midnight, it will be 3 hours after noon 
when the moon is on the S. W. point of the compaſs; for in 45 minutes 

ſhe moves from one point to the next; S. W. is 4 points from the ſouth, 
and 4 times 45 is 180 minutes, which is three hours. The age of the 
moon on that is, 3 multiplied by 48 is 144, divided by 60 is 2 hours and 
24 minutes, the moon's ſouthing that day, to which adding 3 hours the 
flowing, the ſum will be 5 hours and 24 minutes, the time of high wa- 
ter required, 
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25 24.902. 24.8 03.24.8003. 524.7 [93-7 24.7 03.9 24.604. 3 24-5148 25 


703.625.703.825. 704.125.504. 5 25-5 
03.8|20.7 04.0, 20:7 04.2]20.6]04.7 26.5105-2 27 þ 
03-9 127-71 94+I 127-71 04-4 27.6]04.9 27-5195-3]28 
.7194.3/28.6]04.5128.6105.0]28.5j05.5|29, 
04.2 29.7 [04.4 29.604. 7 29.505. 229.405. 7 30 
04.31 30.7 ][o4. 5 30.604.930. 505.4 39.405˙9 31 
04.531.704. 7 n n . 
.6104.8 
04.7 133-0] 05.0 
34-6] 05-1 
05.0] 35.6105.3 
O5. 136.6105. 4 
.6105-6 
05.438.605. 7 
05.6] 39.605. 9 
05. 740. 60. o 


2625.9 02.725.8103.2 
27 206.902.820.803. 3 
2827.8 02.927.803. 4 
2928.8 [03.0 28.8 og. 5 
30 29.8 [o3. 129.8 [03.7 
3130.8 03.2 30.8 03.8 
3231.8 03.331.803. 9 
3332.8 03.432.804. 0 
34| 33-8] 03-6] 33-7 104-1 
351 34-9 193-71 34.2 04.3 
391] 35-8]03-8| 35-7|04-:4 
373.803.936.704. 5 
3837.8 04.0 37-7] 04.6 
39] 38.8 04. 138.7 04.8 
4039.8 04.2 39.7 04.9 
4140.8 [o4. 340.7 [o5. o 
4241.8 04.441. 7 [Oö. 1 ; 06.2 
4342.8 04. 542.705. 2 06.042. 5 [ob. 3 
4443.8 [04.6 43.705. 443.606. 143.5 06. 5 
4544.8 04.7 44.705. 544. 606. 344. 506. 6 
4645.7 [04.8 45.7 [o5. 645.606.445. 506.7 
4746.7 [04.9 40.605. 745.5 06.6 46. 5 06.9 
4847.7 [05.0 47.605. 947.5 06.747. 5][o. o 
4948.7 off. 1 48.500. o 48.5 06.848.510. 2 
5049.2 05.2 49.06. 149.507. 049.5 [07.3 
-p. | Lat. | Dep. Tat. | Dep. | Lat. 

eg. | 82 Deg. | 7; Point. 
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Of Latitupt and DEPARTURE. 


18 7 Deg. 


8 Deg. 


1 5— 
3 Point. 


50.6 
51.6 
52.6 


53.6 
54-6 


Dep._ 
06.2 
063 
06.5 
06.6 
06.7 


55-0 
56.6 


57.6 
58.6 
3159-5 
4160.5 
[61.5 
62.5 


06.8 
00.9 
O7.1 
07.2 


Lat. 


50.5 
51.5 
52.5 
53.5 


ut. 


Dep. 


897.55 


07.6 
07.8 


07.9 
08.1 


08.2 
08.4 
08.5 
08.7 
08.8 


08.9 
09.1 
09.2 
09.4. 
09-5 
09-7 
09.8 
Io. o 
10.1 
10.3 
10.4 
10.6 
10.7 
10. 9 
IT.O 


La, | Drp. ; Li. , Dip 
50.1 


IT D:g. 


51.0 
52.0 
23" V 
54.0 


— — —— 


55.0 
56. o 
55.9 
57˙9 
55.9 


11.1 


11.3 
11.4 
IT. 

11.7 
11.9 
12. 0 
12.2 
TH 
I2.5 


12.6 
12.8 
12.9 
13.1 
13.2 
13.3 


13.5 


13. 6 
13.8 
13:9 
I4.1 
14.2 
14.4 
I4.5 
14.7 
Lat. 


7+ Foint. | 


59.9 
60 9 
01.8 
62.8 


| 
10. 
. 


: 11.8 


09.7 
09.9 
10.1 
10.3 
10. 5 


— — — 


10.7 


. 
11.3 
11.4 

11.6 


12.0 
12.2 


| 


— —— 


A TABL of Dr EERENCE 


Wal, 


[ 


c G O = 


| tad 
0 


2 


0 Oo Cre 


8 


1 Point. 


Dep. 


00.2 
00.4 
00.6 
00.8 
OI.O 


13 Deg. 


22 


01. o 
01. 9 
02. 9 
03.9 
04.9 


22.2 
b n 


dee 
_— a 


Sg I ee CO ©} © © EO O OO O © 


by fo hon 
> On 


18.6 


OI.2 
01.4 
01.6 


01.8. 


O2. O 


—— — 


02.1 
02.3 
02.5 
02.7 
02.9 
03.1 
03.3 
03.5 
93.7 
03-9 


05.8 
06.8 
07.8 
08.8 
09.7 


Dep. 


— 
19 Point. 


00.2 
00.4 
00.7 
00.9 


O1.1 


01.3 
01.6 
01.8 
02.0 
02.2 


10.7 
11.7 
12.7 
13.6 
14.6 


02.5 
02.7 
02.9 
03.1 
03.4 


15.6 
I6. 

T7-5 
18.5 


29-5 


03.6 
03.8 
04.0 
04-3 
04-5 


OI.O 
01.9 
02.9 


03-9 


04.8 


05.8 
06.8 
07.8 
08.7 
09.7 
10.7 
11.6 
12. 6 
13.6 
I4.5 


I5.5 
16.5 
1 
18.4 


19-4 


Tat. 


04.1 


04.43 
04. 5 
04.7 
04.9 


20.5 
21.4 
22.4. 
23.4 
24.4 


04.7 
04.9 
05.2 
05.4 
05.6 


20.4 
21.3 
22.3 
23.3 
24.2 


— 


O5.1 
05-3 
05.5 


25.3 
26.3 
27.3 
28.3 
29.2 


05.8 
06.1 
06.3 
06.5 
06.7 


30.2 
31.2 
32.2 


33.1 
34-1 


07.0 
07.2 
07.4 
07.6 


07.9] 


35-1 
30.1 
37* 

38. 0 


39.0 


08.1 


25.2 
26.2 
27.2 
28.1 
29.1 


30.1 
31. 0 
32.0 


33.0 
33-9 
34-9 
35-9 


09.2 
09.5 
09.7 


I0.0 
10. 2 
10.4 
10.7 
ro. 
11.2 
11. 4 
11.7 
11.9 
12.1 


. | Lat. 


e 
63 Point. 


| $0 cw ola YC 


Of LATITUDE and DEPARTURE. 
g. . [15 Point: | 15 Deg. 16 Deg. | 
; f Paß. Lat t. | Dep. | Lat. | Dep. | Lat. Hes 
5150.0 10.0 49.9 NS 11. 5 49.5 12-3 49-5112.4[49.3]13-2149.0] 14.1 


9 

S 

81 
. > 150. N 650.412.650. 213.5150. 0114.3 52 
53|52.0]10.3|51.8|11.0]51.6 I1.9151.4[12.8|51.4[12.9]51.213.7150.9] 14.6] 53 
54 
55 
56 


54|53-0]10-5|52-8]11.2|52.6112.1|52.4|13-1|52.4|13.1|52.2|14.0|51.9] 14.9 
55153-9] 10-7 53-8 11.4153-0112.4|53-4|13-3|53-3]13-4|53-1]14-2]52.9|15-2 
50154.9]10.9]54.8]11.6|54.6]12.6{54.3{13.5|54.3|13.6|54.1]14.5| 53.8] 15.4 
57155-9]11.1]55.8]11.8]55.5112.81}55.3}13.8|55.3113.9|55.1]14-8]54.8]15.7] 57 
5856.9 11.356.712. 156.5 13.0 506.3 14.0 56.3 14. 1 56. 0 15. 0 55. 816.0 58 
59|57.9]11.5]57.7| 12.3 57-5 13.-3157-2|14.3|57.2|14-3[57.0|15.3]56.7]16.3] 59 

58.7 -5|13-5|58.2|14.5|58.2|14.6]58.0[15.5|57.7]16.5] 60 


61] 59.8] 11.9]59.7|12.7|59.4|13.7|59-2|14.8| 59.2] 14.8] 58.9|15.8] 58.6] 16.8 61 
6260.8 12. 160.612.960. 413.960. 215.0 C0. 115. 159.916.059.617. 1] 62 
6361.8 12.3 161.613.161.414. 2 161.115.261.115. 3 00.9 16.3 60.6]17.4] 63 
6462.8 12.5 62.61 13.3 162.414.4162. 1 13.5 62.115.6161.8 116.661.517.664 
6563.8 12.763.613. 563.314.663. 115.7 63.0 15.8 62.816.8 62.5 17.9 65 


6664.7 12.9 64.613.764. 314.864.016.064. 0 16.0 63.717. 163.4 18.2] 66 
6765.7 13.165.513.9 65.3115. 165.016.2065. 0 16. 3164.717.3 164.4 
6866.7 13.366.514. 166.315. 366.016.466.016. 5 65.7[17.665.4 
6967.7 13.5 67.5 14.367.215. 566.9 16.7 66.9 16.866.617. 96.319. 0 69 
7068.7 13. 768.514.668.215. 767.916.967.917. 067.618.167. 3119.3 70 


— 
GO 
— 
G 
OC 


7169.6 13.9 69.414.869. 216.068.917.268. 9 17.3108.6118.4]65.2 19.6] 71 
72|70-6114.0170.4|15.0|70.2[16.2|69.9|17.4|69.8]17.5|69.5]18.6]69.2]19.8] 72 
73] 71-6] 14.2]71.4|15.2|71.1|16.4|70.8|17.7]70.8]17.7]70.5|18.9]70.2]20.1] 73 
7472.6 14-4|72.4|15.4|72.1]16.6|71.8|17.9]71.8 15.5 71.519.271. 11 20.4 74 
751730] 14-0173-4[15-6]73-1116.9]72-8|18.1172-7118.2172:4119-4|72-1120-7] 75 
7674.5 14-8174-3]15-8174.1]17.1]73.7 [18-4] 73-7]18.5] 73-4 19.7173-1120-9 76 
77175-5]15-0]75-3]16.0]75.0 152 74-7 [18.61 74-7| 18.7] 74-4119.9]74-0]21-2] 77 
78]70.5115.2|76.3]16.2]76.0|1 75-7 118.9] 75-7] 18.9] 75-3]20.-2]75-0[21-5] 78 
79177-5]15-4177-3116.4|77.0 0 76.7 |19.1] 76.6] 19.2] 76.3 20.4175-9 21.8] 79 
80|78.5]15.6178.2[16.6|78.0]18.0]77.6|19.4| 77.6] 19.4] 77-3] 20.7]76.9}22.0] 80 
8179.40 15.879. 216.8 78.9 18.278.6 19.6|78.6] 19.778.221. 0 22.32] 81 
8280.4 16.0 [80.217.079 918.479.619.879. 519.979.2121. 2 22.6] 82 


8482.4 16.482.217.5 181.818.981.520. 3181.5 20.481.121. 7 


77 8 
5 78. 
8381.4 16.281.217. 3 80.9 18.7 80. 5 20. 1 80. 5 20.2 80. 2121.5 79.81 22.9 83 
80.7 
85 83.416.683. 117.7 [82.8 19. 182. 5 20. 82.4 20.7 82.122.081. 


86 84.316.884. 117.9 83.8 19.3 83.4 20.8 83.4 20.9 83.1 22.38 
87 85.317.085. 118.184.819. 84.4 21.0 84.421.184. 0 22. 583. 
88 86.317.286. 118.385.719.8185.421.3185.40/21.4J 85.0 22.88 
8987.3117.4(87. 118.5 86.7 20.0 86.421. 5 86.3 21.6 86.0 23.08 
go|88.3| 17.6188.0]18.7|87.7 20.2|87.3|21.8]87.3]21.9| 86.9] 23. 3186.5 24. | 90 
| 91]89.3]17.8]89.0]18.9]88.7|20.5|88.3|22.0]88.3]22.1|87.9]23.5|87.5|25.1] 91 
9290. 217.990.019. 189.6 20.7 89.3 22.3 89.2] 22.4|88.9]|23.8]88.4|25.4| 92 
9391.2 18.191.019. 390.620.990.222. 590. 222.6 89.8 24. 189.4256 93 
9492. 218.391. 9 10.5 91.6021. 1191.2 22.791. 222.81 90.8 24.3 90-4125-9] 94 
95 93.218.5 92.9 19.7 92.621. 492.223.0192. 123. 1191.8 24.691. 3126.20 95 
9694.2 18.7 93.9 20.0193-5 21.6]93.1123.21[93.1]23.3]92.7|24.8]92.3120.5] 96 
| 971 95-1 18.9194.9]20.2]94.5|21.8]94.1|23.5]94-1123.6|93.7|25-1193-2]20.7| 97 

9896.1 19.1|95.9|20.4195.5|22.0]95.1|23-7195-1]23.8]94.7]25-4|94-2[27-0] 98 
99197. 119.396.820.696. 5 22.3196. 1 23.996.024. 195˙/6125.695½ 227.3 99 
10098. 119.597.820.897. 422.597.024. 297.0 24.396.625. 996.122.0100 
F * 2 | Lot. 
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A TaBLE of DIFFERENCE 
15 Point. | 17 Deg. 19 Deg. | 12 Point. 
1 Dep. | Lat. | Dep. : ; Tar Dep. 
01.0| 00.3 ol. OO. OO. 
01.9] 00.6 er ON. 
02.9] oo. 9 oz. 9 00.9 O2. 
03.8101. 203.801. 2 O3 
04.801. 5 04.8 01. 5 og. 
O5. 701.705.701. 8 4 1 
06.7] 02.0 06.7 | 02.0 06.6 
07.702.306 02.3 07-5 
08.6]02.6]08.6| 02.6 08.5 
992.592.999.892. 09-4 
10. 503.2 10.5 03.2 10.4 
11.5 103.511.503. 5 11.3 
12.4|03.8] 12.4, 03.8 I2.2 
T3-4 104-1] 13-4, 04-1 13.2 
444 4304.4 14-7 
I5.3104.6|15.3| 04.7 15.1 
16.3 04.9 16.3 05. o 16.0 
17.2105.2]17.2105.3 16.9 
18.205. 5 18.2 05.6 17.9 
19.1005. 8 3 18. 
20. 1106. 1 20. 1 06.1 19.8 
21. 106.4 21.0 06.4 20.7 
22.0 06.7 22.0 06.7 21.7 
23.00%. 0 22.900. o 22.6 
23:3] 27-3] 23:21 97-3 23'5 
24.9] 07.5] 24-9 | 07.6 24-5 
25.8]07.8] 25.8 07-9 25.4 
1 08.1] 26.8 | 08.2 26.4 
27.8] 08.4|27.7 | 08.5 27˙3 
29.7 [o. o 29.6 | 09.1 29.2 
30.609. 31 30.6 09.4 30.1 
31.609.631. 609.6 31.1 
32.5 09.9 32.5 09.9 32.0 
33.5]70.233-5ʃ⁰70.2 33. 33.0 
34-4] 10-4] 34-4 | 10.5 339 
35-4]10.7]35-4| 10.8 34-8 
36.4|11.0]36.3| 11.1 35.8 
37-3 I1:31 37-3] 11.4 30.7 
38-3] 11.6] 38.3] 11.7 37-7 
39-2]11.9}39-2|12.0 38.6 
40.212.240. 212.3 39.5 
41.112.541. 112.6 40.5 
42.112. 42.112. 9 41.4 
43.1113.1143.0 13.1 42.4 
44.013.444. 013.4 43-3 
45.0113.6144.9113.7 44.2 
45.913.945˙9 14.0 172 
46.9 14.246.914. 3 46.1 
47.8 14.547.814. 6 47.1 
Dep. | Lat. | Dep | Lat. . | Dep 
| 6; Point. | 73 Deg. | 6; 


Of LaTiTuDE and DEPARTURE. 


| 11 Point. | 17 Deg. 
Lat. | Dep. | Lat. | 


1 5. 
Iz Point, 


48.8 
49-7 


4117.4 


14.8 
15.1 
15.3 
15.7 
19 5 
16.2 
16.5 
16.8 
4. 


17.7 
18.0 


18.6 


18.9 
19.2 
19.4 
19.7 
20.0 
20.3 


20.6 
20.9 
21.2 
21.5 
21.8 


22.1 
22.4 
22.6 
22. 9 
23.2 


23.5 
23.8 
24.1 
24.4 
24.7 


18.316 


48.8 
49-7 


Dep: | Lat. 


14.9 
15.2 


15˙5 


15.815 | 


I6.1 


16.4 
16.7 
17. 0 
17˙3 
8 
17.8 


18.1 


90.0 
| 90.9 


25.0 
25-3 
25.5 
25.8 
2 
26.4 
26.7 
27.0 
27.3 
27.6 


— 


91.9 
92. 8 
93.8 
94.7 
4. 
| Ds. 


27.9 
28.2 
28.4 
28.7 
29.0 


Lat. 


I9.5 
19.9 
20.2 
20.6 
20.9 
21.2 
21.6 
21.9 
22.2 
22.6 
22.9 
23.2 
23.6 


24.3 
24. 6 
24-9 
25-3 
25.6 
25.9 
20.3 
26.6 
27.0 


23.9]66.7 


GO 


6 Point. 


O 


CO CO 
O O S O 
+ +> > Urn 


© |\© 
AF 
Go 


27˙3 
27. 6 
28.0 
28.3 
28-6 
29.0 
29˙3 
29.6 
30. 
30-3 
30.7 
31. 
31.3 
31.7 


32.0 


20 Deg. 1 21 Deg, 
. | Dep. 22. 


18.3 
18.6 
19.0 


19.4 


41 
20.1 
20. 4 
20.8 
21.1 


21.5 
21.9 
22.2 
22.6 
22.9 


23.36. 


23-7 
24.0 
24.4 
24.7 
25.1 


125.4 


2.5.8 
26.2 
26.5 
26.9 
27.2 
27.6 
2 
28.3 
28.7 
29.0 
29.4 
29.7 
30.1 
30.5 


32.3 
32.7 
33.0 
33.4 
33.7 


90.2 
91.1 
92.1 


93.0 


2194.0 
De Lal. i Dep. 
; 62 Point. 70 Deg. 


30.8 
31.2 
31.5 
31.9 
32-3 
32 6 
33. 0 
33˙3 
33˙7 


34-0 


34-4 
34-8 
35-1 
35: 

35.8 


. | Lat. 


eg. 
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A TaBLE of DIFFERENCE 


| 


21 Point. 


S FG 8 =low ola » 'YICT 


To 


029 2 
888 8 
A O COD 


O 
© 


ER 
oO - Bd WAT 


\O COW Ov 


= 32 


— — 
GON 


WSS 8 
OO 0 N 0 


2 q 
Sl 2 Points | 23 Deg. | 24 Deg. | 25 Deg. 
P LDE (Dep. | Tat. \ Dep. 
=F | 00.9 00.9| 00.4 00.4 |00.9| 00.4 
2 01.8 01.8 Joo. 8 00.8 00.8 
3 02.8 02.8]01.2 01.202.701. 3 
4 03.7 03.701. 6 01.6 01.7 
5 04.6 04.6]02.0 02.0 O2.1 
6 05.5 05.5 02:3 02.4 02.5 
7 06.5 06.4] 02.7 02.8 03.0 
07.4 07. 4IJog. 1 03.2 03.4 
9 08.3 08.3103.5 03.7 03.8 
09.2 O9. 203.9 04.1 04.2 
10.2 10. 104.3 o4. 5 04.6 
11.1 11.004. 7 04.9 fo. 905. 1 
12. o 12.005. 1 05.3] T11.8]05.5; 
I2.9 12.9]05.5 05.7 05.9 
13.9 13.8]05.9 06.1 06.3 
14.8 14.7 |06.2 06. 5 06.8 
15.7 15.606. 6 06.9 07.2 
7116.6 16.607. o 07.3 07.6 
1 17.5107. 4 07.7 o8. o 
518.5 18.4]07.8 08.1 08. 5 
19.408.019. 3108.2 08.5 08.9 
20.3 20.3] 08.6 08.9 09.3 
21.2 21.209. o 09.4 09.7 
22.2 22. 1109.4 09.8 10. 1 
23.1 23. [o. 8 10.2 10.6 
2.4..0 23.9] 10.2 10.6 11. 
24.9 24.910. 5 11. o 11.4 
25.0 25.8 fo. 11.4 11.8 
26.8 26.7113 11.8 12.3 
$9:9 27.6]11.7 18.4 12.7 
28.6 28.5 12.1 12.6 13.1 
29.6 29.512. 5 13. 0 13.5 
30.5 30.412. 9 13.4 13.9 
31-4 31-31[13-3 13.8 14.4 
32.3] 13-4|32-2]13.7 14.2 14.8 
1 33.1174.1 14.6 15.2 
34.2 14.2 34-1] 14.4 15. 0 15.6 
35.114.535. 014.8 15.5 16.1 
30.0 35-9|15.2 15.9 16.5 
37.0 26.8 15.6 16.3 16.9 
37.9 37.716. o 16 17.3 
38.8 38.716.4 Ray 17.7 
39.7 5 39.616.8 17.5 18.2 
40.7 40.51 17.2 17.9 18.6 
41.6 41.4.6 18.3 19.0 
42.5 42.3]18.0 18.7 19.4 
43.4 43-3118.4 19.1 19.9 
44.3 44.2 18.8 19.5 20.3 
45˙3 45.1119.2 19.9 20.7 
46.2 45.0[19.5 20.3 21.1 
i. | Dep. Dep. - Lat, - | Lat. 3 Lo; 
g. | 6 Points | 67 Deg." | 66 Deg. | 65 Deg. 
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Of Latitupst and fo. ˖·˖ E i 

S | EE} T 2 Points 23 Deg. | 24 Dep: | 25 Deg, 27 Point. 26 Deg. | & 

F 2 | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | D-p-| Lat. Dy Lat. | Dep. | Lat. Dep. | = 
51147-3119.1147-1119.5146.9] 19.9] 46.6|20.7| 46.2 21.6 46.1121.8[45.8]22.4] 51 
48.2] 19.5148-0]19.9]47.9|20.3[47.5|21.1]47.1122.0147.0]22.2140.7|22.8 52 

53149-1]19.9]49-0]20.31]48.8]20.7[48.4 [21.6]48,0]22.4[47.9]22.7147-6]23-2] 534 
54|50.1]20.21[49-9]20.7 [49.7 |21.1]49.3]22.0]48.9]122.8[48.8]23.1][48.5[23.7] 54 
55|51.0120.6]50.8|21.0150.6[21.5|50.2122.4149.8]23.2[49.7|23-5]49-4|24.1] 55 


—— — — — . — — 1 — — 


5651.9 21.0151.7[21.4J51.5 21.9 51.222.850. 823.750.623.950. 324.5 56 
5752.821.4J52. 721.852.522.352. 123.251.724.151. 524.451.225.010 57 
58153.8]21.7|53-0]22.2|53-4| 22.7 53.0 23.652.624. 552.424.852.125. 4 58 
5954.7 22. 154.5 22. 654.323.153.924. 053.524.953.325 253.0125·9 59 
6822.588423. [8223.4 54:8 | 24:4 54-4 |25-4|54-2[25:7 |53:9]20-3] 60 
56.51 22.8]56:4|23.3]56.1123.8]55.7|24.8|55.3|25.8|55.1]26.1]54.8]26.7| 61 
627557.5]| 23.2 57-3 23.7|57-1]24-2]56.6|25.2|56.2|26.2]|56.0[26.5]55.7]27.2] 62 
.6]58.2]24.1]58.0][24.6|[57.5|25.6|57.1]26.6]57.0}26.9]56.6[27.6| 63 
64| 59-3] 24-0 59-1124-5 58.9]25.0|58.5|26.0]58.0[27.0]57-9]27-4|57.5]28.0] 64 
65 60.3 24-3 60. 124.9 59.8 25-4 | 59-4 26.4 58.9 27-51 59.8 27.8]58.4|28.5} 65 
66|61.2] 24.7 [61.0 25. 360.825. 860.3 26.8] 59.8 18.3 959.728.259. 328.9 66 
6762.11 25. 161.925.661.726. 2 61.227. 260.7 60. . . 
6863.00 25.5 [62.8 26.0 62.6 26.662. 127.761.628. Y 61.5]29.1]61.1]29.8] 68 
69 164.0] 25.8163.7|26.4|63.5]27.0[63.0|28.1]62.5|29.2|62.4|29.5|62.0|30.2| 69 
7064.9 26.2[64.7|26.8]64.4|27-3]63.9|28.5]63.4|29.6|63.3]29.9]62.9] 30.7 70 
7165.8 26.6 65.6]27.2 65.4|27-71]64.9]28.9 64.3 30.0]64.2] 30.4 [63.8] 31.1] 71 
7266.8 27.0166.51]27.6|66.3|28.1]65.8|29.3|65.2[30.4|65.1] 30.8]64.7|31.6| 72 
73|67.7|27.3[67-4127-9 07.3 28.5|66.7 29.7|66.2]30.8|66.0]31.2]65.6] 32.0] 73 
74|68.6] 27.7 [68.4 28.368.128. 5. 0. . f : . | 
75|69.5]28.1169.3 28.7 69.0 29.3]68.5| 30.5]68.0]31.7|67.8| 32.1167.4| 32.9] 75 
7670. 50 28.5|70.2129.1]70.0|29.7|69.4 | 30.9] 68.9] 32. 168.7 32. 568.3 33.3] 76 
7771.4128.8 71. 129.570.930. 170.331.3169. 8 32.5] 69.6 32-9]69.2| 33.8]. 77 
78 72.329.272. 129-8 71.8 30, 571.331. 770.7 33-0070. 533· 370.134.2078 
7973.2 29.673. 0 30.272.730. 972.232.171. 633.4(71.4/33·8 [71.0 34.6] 79 
8074.2 30. 073.9 30.6 73.631-3J(73.-132.5072.5 33-8] 72.3] 34:2]71-9] 35-1] 80 
81]75.1] 30.3|74.8 31.0 74.61} 31-6] 74.0] 32.973.434. 273.234.672.835. 5 81 
8276.0 30.7 [75-8 11.8 75.5 32.0 74.9 33-3] 74-3] 34+7|74-1] 35+1]73-7| 35-9] 82 
7.876.432.4758 33-7] 75-2] 35-1] 75-0] 35-5[74-6| 36.4| 83 
84|77-9] 31-5[77-6]32-1[77.3] 32-8] 76.7 | 34-1] 76-1] 35-5] 75-9] 35-9]75-51 36.8 84 
851788] 31.8178.5132-5178.21 33-2] 77-6] 34-6177-0] 35-9] 76-8] 30-31 76-4] 37-3 < 
8679.7 32-2]79-5132-9|79-2| 33-0] 78.6] 35-01 77-9] 36-31 77-71 39-31 77-3] 37-7 | 86 
8780.7 32.6 80.433.380. 1 34-0 Ap 35.4|78.8] 36.8] 78.6] 37.2 105 8. 
88|81.6] 33.0]81.3]33-7|81.0] 34-4|80.4 | 35-8] 79.8] 37-2] 79.6] 37-6 1138.6 88 
89 82.5 33-3|82.2| 34-1 oy 34-8] 81.3] 36.2|80.7] 37.6|80.5] 38.1 <p 39.0] 89 
90|83.4 33-7 83.234.482 35:2 
9184.41 34-1 84.1 34.883.835. 83.1 37˙082.5 N . 
9285.3 34-5185-0|35-2]84.7 | 35-9] 84.0] 37-4|83-4| 38.9] 83.2] 39-3]82.7]40.3] 92 
93| 86.2] 34.8 85.935.685. 6 36.3] 85.0] 37.884.339. ; a 
9487.20 35. 286.8 36.0 86. 5 36.785. 938.2085. 239.785. 040.284.541.294 
9588.1 35.6 [87.8 36.4087. 437.186.838.686. 140. 185.940.685.441. 95 
96 | 89.0] 36.0 88.7 36.7 88.3] 37-5187.7 | 39.0]87.0]40.6]86.8[41.0]86.3] 42.1] 96 
97 89.9 36.3189.6|37-1]89.3| 37-9|88.6] 39.4187.9]41.0|87.7]41.5187.2]42-5] 97 
98 90-2 36.790. 5 37.590. 238.489. 5 39-9] 88.8 41.4|88.6]41.9]88.11 43.0] 98 
99 1191.5 15 91.138.790. 440. 3189.7 41.889.542. 3189. o 43-4 99 
100 a b : ; ; 


S|_Dep. | Lat. | Dep. Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat | © 
=| 68 Dez. 6 Fong” 87 Deg. 166 Deg. | 65 Deg. | 5% Point. | 64 Deg. | # 
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838 88288815 b 
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Z Point? 1 30 258. 27 Point. 
Lee. t. | Dep. | Lat. 405 Lat. 
oo. 9 oo. 5 = 00.5 oo. 00.9 
01.8[00.9]01.7J0I.0 or. 7 01.7 
02.601.402. 6 01.5 02.6 02.6 
03-5]01.9]03.5 SHEEN 03-4 
04-4 | 02.4 |04-4 02-4, 04-3; 02.5] 04+3 
05.3[02.8]05.2]02.9*'05.2 05.1 
06. 203. 3106. 10g. 4, 06.1 06.0 
07. 100g. 8 o/. oog. 9 06. 9 06.9 
07.9] 04.2[07-9104-4 07-8 97.7 
o8.8 04.7 og. 7 [04.8 08. 7 08.6 
09.7105.2109.6[05.3 59.5 09.4 
10.605. 710. 5 93˙818.4 10.3 
11.506. 111.4 [06.30 11.3 11.1 
12.306.612. 206.8 12.1 12. 
13.207. 113.1 [o. 3 13.007. 5[12.9 
14.107.514. 0 o/. 57.8 ,13-9 I 3.7 
15. 008. 14.9 [08.2 14.7 14.6 
I5.9108.5[15.7 ſo8. 7175-6 .6 I5.4 
16.8 09.0 16.6 [0.2 16. 5 16.3 
12.594 17-80. 17.807255 
18.5 09.918.410. 2 18.2 18. o 
I9.4]10.4|19.2 10.7 |19-1 18.9 
20.3]10.8|20.1]11.1119.9 19.7 
.3121.2|r1.4|21.0]1r1.6, 20.8 20.6 
22.0]11.8]21.9]12.17|21-6|12.5|21.4 
22.9|12.3|22.7|12.6,22.5|13.0|22.3 
23-0[12.7|23.6]13.1|23:-4 23.2 
24.7 13.2 24-5 13.622: 24.0 
25.6113.7|25.4]14.1{25-I] 24.9 
26.5]14.1|26.2]14.5{26.0 25.7 
27.314.627. 115. 26.8 26.6 
28.2 15.128.015. 527.7 27.4 
29.115.611 28.9 16.0 28.6 28.3 
30.0 16.029.716. 5 20.4 29.2 
30.916. 5 30.6]17.0] 30.3 30.0 
31.717.031.5 177.5 31.2 30.9 
41 32-0|17.4|32-4[17.9\ 32.0 31.7 
8133-5117.9] 33-2]18.4 | 32-9 32.6 
31 34-4|18.4| 34-1]18.9] 33-8 33-4 
35-3]18.9] 35-0[19.41 34.6 34.3 
36-2[19.31 35-9] 19-91 35-5 35-2 
37.019.836. 7 20.4| 30.4 30.0 
37-9|20.3|37.6]20.8| 37-2 36.9 
38.8|20.7|38.5]21.31 38.1 37-7 
39-7 22 394215 32.8 22-51 35-0 
40.621.740. 222.3 39.8 39.5 
41.422.241. 1122.8 40.7 40.3 
42.322.642. 023.341. 6 41.2 
43.223. 142.923.842. 4 4.2.0 
44-1123.0143-7[24.2|43-3 42.9 
Dep. Lat. Dep. | Lat. Dep. — Dep l 
52 Point. | 61 Deg. | 60 Deg. 51 Point. 
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Of La1ritupe and DEPARTURE. "IT; 
DD "T 28 Deg. 2 Point. | 29 Dee. 27 2 21 Point, 31 Deg. | © 
| Lat. | Dep. Lat Dep. Lat. | Dep. | Lat. 77. Lal. Lat. Dp. LA. | Dep. | * 1 
51]45-4|23-2[45-0]23-9] 45-0] 24-0 44.0] 24.7 Raf N 26.2 43.726.351 
5246.3 23.645 9 24.4459 24.5 45.5 25.245.026. o 44.626.744 26.8 52 
53147-2|24.1]46.8]24.9] 46.7]25-0]40.4|25.7[45-9[26.5145-5[27-2145-4] 27-3] 53; 
54 
3g 
56 


48.1 24.5 47.725. 447.6025. 547.220.246.827. o 46.3(27.846.3 27.8 54 
[49-0 |25-0]48-6]25.5 8148.5]25-9]48.1]26.7[47.6[27.5]47-2|28-31 47-1 28.3] 55 
49.9 |25.4149-4 26.31 49-4 20.4 49.0]27.1148-5]28.0]48.0|28.8 48.00 28.8] 56 
57|50.8|25.9] 50.3] 26:8] 50.3] 26.9] 49-9[27-6[49-4|28.5148-9]29.31 48.91 29-4| 57 
58] 51.7|26.3|51-2]27-2]51-2[27-3] 50-7]28.1[50.2[29.0149-7|29.81 49-71 29-9] 58 
5952.6 26.8 52.1 27-7 52.027. 851.628.651.129. 5 50.6] 30.3] 50-0] 30.4 59 
60 53-5 27.2|53-0]28-21 52-9 28.3|52-5]29-1|52.0|30.0]51-5 30.8| 51.4] 30.9] 60 
61] 54.4 |27.7153-9] 23.6] 53-8] 28.8] 53-3]29.6[52.8] 30.5] 52-3] 31-4| 52-3] 31-4 61 
62] 55.2|28.1] 54-71 29-1] 54-7] 29-2] 54-2] 39-1[53-7| 31-0] 53-2] 31-9] 53-11 37-9 62 
63 56.1128.6|55.6]29.6]55-6]29.7|55-1]30.5[54-6]31.5|54-0] 32-4] 54-0] 32-4 63 
64 57.029.156. 5 30-0] 56.4] 30-2|56.0]31.0[55.4| 32.0[54-9| 32-9] 54-9] 33-0 64 
65 57.929.5ʃ[57-4/ 39-5 57-3] 30-0j56-8]31.5156-31 32.5 284 $5-7] 33:5] ©5 
66 58.8 | 30.0] 58.3] 31.0] 58.2]31.1|57-7[32-0[57-2[ 33-0 56.6[ 33.9] 56.6] 24.0] 66 
6759.7 |30.4|59-2] 31-5] 59-1] 31-6] 58.6] 32-5]58.0[33.5[57-5] 34-4| 57-4| 34-5] 07: 
68 | 60.6 30.960. 00 31.9] 60.0] 32.1{ 59.51 33-0589] 34.0 58.31 35.0| 58.3] 35-0| 68 
6961.5 31-3 60.9] 32.4|00.9] 32-5{60.3]33-5[59-8] 34-5] 59-21 35-5] 59-11 35-5 69 
61.8] 32.9]01-7 33-0j61.2|33.9]60.6] 35.0 60.0] 36.0] 60.0] 36 0 70 
71|63.3| 32.2 62.7 33-31 62-6] 33-5, 62-1] 34-4[61.5|35-5]90-9] 36-5 60.9 30.6] 71 
7264.2 32.7636] 33-8] 53-5] 33-9] 63.034.062. 436.061.837. 0 61.7] 37-2] 72 
73 65 o | 33-1]04-5] 34-3 64.4 34-4 63-8 35.4 [63.2] 36.5|62.6|37.5|62.6] 37-0] 73 
7416 5-9 33-6]55-31 34-71 95-31 34-9} 9164. 538. 5 . 
75|66.8 | 34-1 66.2] 35-2 66.1] 35-4, 05-01 36.4 164.9] 37-5 64.3] 38.6] 04-3 38.6] 75 
76| 67.7 | 34-5 on 35-7 67.035. 866.5 
0] 36. 


36.8 
0 * . . | 3J7+3 . / . 0 . © \ 
78 69.5 35.4|68.9| 36.6]68.8] 36.8] 68.2|37-8[67.5] 39.056.940. 66.9] 40.2] 78 
38.5 
38 8 


79 70.4 | 35-9] 69.7] 37-11 09-7 37-21 09.1 
80|71.3| 36.3] 70.6] 37.6] 70-6] 37-71 70-0 
81 72.2 36.8 71.5 38. 71.4 38.2 70.8 39.370. 140.5 69.5 41.6 69.4 41-7 81 
82 73.11 37-2172-4| 38-5] 72-3] 38-7] 71-7] 39-8]71.0[41.0[70-3[42-2] 79-3] 42-2. 82 
83 74.037. 1 73-3] 39.0]73-21 39-1] 72-6]40.2;71.9]41.5]71-2[42-7] 71-11 42-7 83 
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7] 37 Dee. | 38 Deg. 1. 39 D | 33 Point. 40 Deg. | 41 Deg. | 42 Dee. j © 
eee [Tame [ae OE e 
40.7 30.740. 2 31-4] 39.0 32-1 | 39-4] 32:4 [39-1 32.8 38.5 33-5037 9034.1 I 
41.5] 31-3[41-0, 32-01 40.4 32-7 40. 233.0 39.8 33.439.234. 138.6 34.8| 52 
42.3] 31-9[41-8, 32.6] 41-2] 33-4|41-0]33-6[40.6[34.1140.0| 34.8 39-44 35-5] 53 
43-1] 32-5142-0| 33-2] 42-0] 34-0] 41-7] 34-3[41-4|34-7140.8]25.4[40.1] 36 1 54. 
13.933.143 33-9] 42:7] 34:0] 42:5] 34:9] 42-11 35-4[41-5[ 36-11 40.9] 36.8] 55 
44-7 | 33-7 144+] 34-51 43-5] 35-2] 43-3] 35+5142+-9| 36-0] 42.3] 36.7][41.6| 37.5] 56 
45-51 34-3]44-91 35-1144-3] 35-9] 44-1] 36-2[43-7|36.6]43-0[37-4|42.4|38.1| 57 
40.3] 34-9 45-7 35-7 45-11 36.51 44-8] 36.81 44-4[37-3]43-8] 38.1] 43-11 38.8] 58 
47-11 35-51 40-5{ 39-31 45-81 37-1] 45-01 37-4[45-2]37-9144-5}38-7143-8] 39.5 59 
47:9|30:1] 47-3] 30-91 40-61 37-81 49-4[ 38.1 $46.0] 38.6145-3] 39-4 44-6] 40.1 | 60 
48.7 36.7 48.1 37-0 47-41 35-4 [47-2] 38-7 146-7] 39.2[46.0]40.0[45.3]40-8| 61 
49-5 37-3] 45-9] 38-2] 48-21 39.0147-91 39-3]47-5| 39.9146.8[40.7|46.1]41.5| 62 
50.3 37-9 49.6] 38.8] 49.0] 39.648.740. 048.340. 5 445 41.31 460.8]42.2] 631 
51. 1038.55. 4 39-4] 49-71 49-3149-51]40-01]49-0]41.1]4 -3]42-0[47-60]42.8] 64 
| 52:9|39-1[5:2[ 42:01 52:51 40-91 59-21 41-2149-8141.8149-1142-6148-3143-5| 65 
52.7 39.752.940 651.347.551.041. 950. 642.449.843.349. 0442 66 
53.5 40.352.841. 3J52.142.251.842.5 51.3 43.150.644. 00 49.844.867 
54.340. 953.60 41.9 52.842.852. 643.152.143.751. 344.650. 545.5 68 
55-I|41-51 54:4] 42-51 53-0143-4|53-3]43-8]52-9] 44-4 |52-1]45-3] 51-3[46.2| 69; 
55-9 [42:1155:21 43-1] 54:41 44-1 | 54:11 44-4 [53:0 45-0[52-8[45-9[ 52.01 46.8} 70 
56.7 [42-7155-9143-7155-2[44-7154-9145-0[54-4|45-6|53-6]46.6]52.8[47.5| 71 
57-5143-3]50-7]44-3] 56-0] 45-3155-7 [45-7 155-2] 46-3[54-3147-2] 53-5] 48.2| 72 
58.3143-9]57-51 44-9] 50-7145-9j50-4[40-3]55-9]46.9|55-1[47-9] 54-21 48.8] 734 
59.1 [44-5] 53-31 45-6] 57.51 40.0|57-2146-9]156.7[ 47.6 55-8 48.61 55-0149.5| 74 
59-9 [45:1[59:11 40-2] 58-3[47-2|58-0147-6157-5]48-2[56.6149-2| 55-7] 50-2] 75 
60.7 [45-71 59-9] 46-8] 59. 147.8 58.7 48.258.248. 9 57-4 49.9 50.5] 50.9] 764 
61.5146.3 20-71 42:4 59.8]48-5|59-5148.8]59.0[49.5|58.1]50.5|57.2|[51.5] 778 
62.346.961. 548.0 60.649. 1 60.3[49.5|59.7|50.1|58.9]51.2| 58.00 52.2 78 
63.147.562. 348.661.449.761. 150. 160. 5 50.859. 651.8 58.7 52.9! 79 
53.9 |45-1193:01 49-3] 62-21 8. 61:3 50.8161-351.4160.4|52-5] 5.4 53-5] 0 
64.7 |48.-7|63-8]49-9]62.9]51.0|62.6|51.4|62.0[52.1|61.1|53.1]60.2|54.2| 51 
65.51[49-3|04-6|50.5[63.7|51-6]63.4|52.0[62.8|52.7]61.9} 53.8] 60.9] 54.9! 82 
66.3149.9]05.4|51.1]64.5} 52-2 04.2 52.7163.6|53.4|62.6|54-5]61.7|55.5j 83 
67.1]50.6]66.2|51.7]65.3} 52.9] 64.9} 53-3[64.3]54-0163-4|55-1]62.4] 56.2 84 
7 S e 82898464. 155-81 63-2/ 56.9] 85 
68.7 51. 867.852.966.854. 166.554.665.955. 364.955.463. 9 57-5 86 
69.5 52.468. 6 53-6 657.654.767.355. 266.6 55. 965.757. 164.658.287 
70. 353.069.354. 268.455.468.055. 867. 456.666.457.765. 458.9 88 
71.153.670. 1 54-6} 69.2 56.068.856. 5 68.257. 267.258.466. 159.6 89 
77-9154:2172:9|55:4199-9[50-0109.01 57-1168.9157:9197:9[59-0|66.9160.2| 90 
72.7 54.871.756. 070.757.370.357. 7 [9.758.568.7597 67.6 60.9] 91 
73.5 55q·4/72.5 56.671. 557.971.158.470. 5 59. 169.460. 40 68.4461.6 92 
74.356.073.3057˙3 72.3|58.5|71-9] 59.0 71.2|59.8[70-2[61.0169.1|62.2| 93 
75-1] 56.6]74.1] 57.9] 73.0|59-2|72-7|59.6[72.0|60.4|70.9[61.7]69.9|62.9| 94 
75:9|57-2174:9]5%:5173:8159-8173:4160:3172.8[61.1171.7162:3170.6163-6] 95 
| 76-7 [57-8]75-6|59-1174-6160.4|74-2[60.9|73.5|61:7]72-51603-0]71.3164.2| 96 
77-5|58-4|76.4|59.7]75-4|61.0[75.0161.5|74.3162.4|73-2463-6]72.1]| 64.9] 974 
78.359.077. 260.3 76.216177 8162.275.1 63.0 74.0104.3]72.8|65.6] 98 
79.1 59.678.061. 0 76.962.376. 5 62.8 75.8 63.6074. 65.0 73.666.210 99 
57 ee e 8 
Dep. | Lat. | Dep. t. | Dep. | Lat. | Lat. De. | Lat. | Dep. } Lat. | Dep. | Lat. 
53 Deg. | 52 Deg. | 51 Deg. | 4% Point. | 50 Deg. 40 Deg. | 4F Deg- 
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05.7 
06.4 
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07.8 
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14.1 


14.8 
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17. 0 
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18.4 
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045 
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O2. 1 
02.8 
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04.2 
04.9 
05.7 
06.4 
07.1 
07.8 


25.5 
26.2 
26. 9 
27.6 
28.3 
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29-7 
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5 5 8 
32.5 
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Dep. | 
3544 
30.1 
36.8] 
37+5 
35-2 
38.9 
39.6 
40.3 
41.0 
41.7 
42.4 
43-1 
43.8 
44.5 
45˙2 
45-0 
46.5 
47-2 
47-9 


48.6 


49-3 
50.0 
50.7 
$1.4 
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334-5 
335+$ 
[337-5 
338. 

339-6 
340.6 
341.6 
$42.6 
343-6 
344.6 
345.6 
346.6 
347-6 | 408.0 
348.6 

349.6 
350.6 | 411.0 
351.6 | 412.0 
352.6 413. o 
353-6 | 414-0 
354-6 | 415.0 


352-7 | 429.9 
Mi". ' Min. 
8 75 
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Min. 
421.1 
422.1 
424-1 
424-1 
425.1 
426.1 
7 | 
428.1 

429.1 
430.1 
431.1 
432-1 
433-1 
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19 
Min. 
1161.5 
| 1162.5 
| 1163.6 
1164.7 
1165.7 
1166.8 

. 7 
1116 9 
1170.0 
1171.0 
1172 1 
1173-1 
1174.2 
1175-2 
1176.3 
1177-4 
1178.4 
f 1179.5 
1117.111180. 
1118.211817. 


1182.7 
1120.3 1183. 
1121.3 | 1134. 
1122.4 | 1185. 
1136.9 


6.111199. 


11188. o 
1189. 
1190. 1 
1191.1 
1192.2 


1193.2 
11943 
1195.4 
1196.4 
1192.5 
1198. 


1200.7 
1138.2 1201, 
1139.3 | 1202. 
1203.9 
1204.9 
1206.0 
41207.1 
1208.1 


1209.2 
1210.2 
1211.3 
1212.4 
1213-4 
1214. 
1152.0 wy 
1153.0] 1210, 
1217.7 
1218.7 


20 
Min. 
1228.1 
1220 2 


1227-3 
1228.3 


1231-5 
1232, 

1233.6 
1234+7 
1235.8 
1236.8 
8237-9 


1239.0 
1240.0 


1241.1 


1242.2 
1243-2 
1244+3 


1248.6 
1249.6 


| 1250.7 


1251.8 
1252.8 
1253-9 
1455.0 


1256.0 


1257.1 
1258.2 
12 59.2 
1260.3 


1261.4 
1262.4 


1263.5 


1264.6 
126 $-6 
7 


126 


1267.8 


1268.8 
1269.9 


1272.1 


1274.2 


1275-3 
1276.3. 
1277.4 


1278.5 


1280.6 
1281.7 
| 1282.7 
b 1283.8 
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1550.0 


1551.1 
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1553˙3 
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1561.0 
1562.1 
I 563.2 
r564.3 
1565.4 
1566.5 
1567.6 
1505.7 
1569. 


1571.0 


1572.1 


1573-2 
15743 
1575-4 
r576.5 
1577-6 
1578.7 
1579.8 
1580.9 
1582.0 


1583.2 


1584.3 
1588. 
1586.8 


1587.6 


1271.0 
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I 593-2 


15943 
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1596. 
1597+ 
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1600.9 


1602. o 
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1607.6 
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2030.7 2101.9 | 2273-9 


2176.3 
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2112.7 * 
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2142.64 2215-1 
2143-8] 2210.3 


2151.012223. 

2152.2 2224.8 
2153.4 2226.0 
2154.6 % 
2155.812228. 5 
2157.0 2229.7 
2158.2 2230.9 
2159.4. | 2232.1 
2160.7 2233. 

2161.912234. 

2163.122359 
2164.3} 2237-0 
2165.5 | 2238.2 
2166.7 | 2239-4 
2167.9] 2240-7 
2169.14 2241-9 
2170.3] 2243-1 
Min. Min. 
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2396.4 
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27175 
2718.9 
2720.24 
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2744.2} 
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2746.9 
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2750.9 
2752.2 


27535 


1184.7 g 
2756.2 
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40 
Min, 
3115.6 
3117-0 
3118.5 
3119.9 
3121.4 
3122.8 
3124.2 
3125+7 
3127.1 
3128.6 


3130.0 
3131.5 
3132.9 
2223 
3135+ 

3137.2 
3138.7 
3140. 1 
3141.6 
= 
3144-5 
314549 
3147. 

3148. 

3150. 3 
3151.7 
3153-2 
3154.6 
3156.1 
3157+5 
3159-0 
3160.4 
3161.9 
3163. 

3164. 

3166.2 
3167.7 
3169.1 
3170. 6 
3172.7 
3173+5 
3175.0 
317944 
3177+9 
3779-3 
3180.8 
3182.3 


3183.7 
3195-2 
3186.6 
3188.1 


3189.6 | 


3191.0 
3192.5 


3294-0 | 


Ro of 
Min. 
3202.8 
3204.2 
| 3205-7 
3207» 
3208.6 
3210.1 


43 
Min, 
3291.6 
32931 


3294.6 
3296.1 


3297+5 
3299-0 


3211.6 | 3300.5 


3213.0 
21 
3216.0 
3217.4 
3218.9 
3220.4 
3221.9 
3.3 


224.8 
1 
3227.7 
3229.2 
3230. 7 
3232.2 
3233-0 
* 
3238.1 
3239.5 
3241-0 
3242-5 
3244-0 
3245«5 
| 3246.9 
3248.4 
3249.9 
3251.4 
3252.9 
3254. 
3255: 
32288 
3260. 3 


3392.0 
3303.5 
3325-0 
3306.5 
3308.0 


3309.5 
3311.0 


3312.5 


33 «$0! 


3315.5 
3317.0 
3318.5 
3320.0 


3321.5 
3323.7 
3324.6 
3326.1 


3327.6 


3329-1 
3339.6 
3332.1 
3333-6 
3335-1 


3336.6 
3338.7 
3339.6 
3341.1 
3342-7 


49 

in, 
3382.1 
3333-6 
3305-2 
3386.7 
3388.2 
3389.7 
3391. 
3392. 


33943 
3395+9 


3397-4 
3398.9 
3400.4 
3402.0 
3403.5 | 
3495-0 
3406.6 
3408.1 
3409.6 
3411.2 


3412+7 
3414.2 
+> 5.8 
3417- 

2418.8 
3420.4 
3421.9 
3423-5 


342 5-0 
342.5 
3428.1 


3429-6 
3431-2 


3432.7 


3434-2 


3344-2 
3345-7 
3347.2 
3348.7 
3350-1 


3261.8 
3263.3 
3264.7 
3266.2 
3267.7 


3357.7 
3353˙2 
3354-8 
3356. 


2357-8 


3269.2 
3270.7 
3272.2 
3273-7 


3359-3 
3360. 8 
3362.3 
3363.9 
3365.4 


3435-8 


3437.3 
3438.9 
3440.4 
3442.0 


3443-5 
3445 · 
3446.6 
3448.1 
3449.7 
3451.2 
3452-8 
3454-3 
3455-9 
3457-4 


3366.9 
3368.4 
3309.9 
3371-5 
3373-0 


3459-0 
3460. 5 
3462.1 
3463.6 
3465.2 


33745 


3376.0 


3377.6 


3379-1 
3380.6 


3466.7 
3468.3 
3469.8 
3471.4 
3473-0 


Min. 


49 
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3474-5 
3470-1 
3477-6 
3479-2 


3482.3 
3433-9 
3485-4 
3487.0 
3488.5 
3490-1 
3491.7 
34932 
3494-8. 
3499-3 


3497-9] 


3499-5, 
3501.0 


3502. 6 
3504.2 


2595.7 
3507.3 
3598.9 
3510.5 
3512.0 


3513-6 
2578. 
3516.7 
3518.7 
3519.8 
3521.4 
3523-0 
3524.6 
3526.1, 
35277 


3529-3 
3530.9 
3532˙4 
3534˙2 


3537-2 
3538.8 
3540.3 
3541.9 


3545-1 
3546-7 
3548.2 
3549.8 
3551-4 


3553 
3554-6 
3556.1 
3557.7 


3560.9 
3562.5 
3564.1 
3565.7 
3567.3 
Min. 
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3568.8 


3570-4 
3572.0 
3573-6 


3480.7] 3575-2 


3576.8 


3578.4 
3530.0 


3531.6 
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3534.8 
3586.4 
3538.0 


3591-4 


3592.7 
35943 
3595˙9 
3597+5 


3589.5 
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| 3940-2 
| 3941-9 
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3935-0 
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3943+7 
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3948.9 
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3952.3 
39541 
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3957.6 
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3961.0 
3962.8 


3964.5 
3966.3 
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4391.7 
4393.7 
4395-6 


60 
Min, 
4527-4 
4529 4 
4531-4 
4533-4 
4535-4 
4537+4 


4539-4 
4541.4 


7 [4543-4 


45454 
4547˙5 
4549-5 
4551.5 
4553˙5 
4555-5 
4557+5 
yp 9-5 
4561. 

385 
4565.6 
4567.6 
4569.6 
4571.6 
4573-7 
4575-7 


4577.7 
45792 
4581.8 
4553-8 
4535.8 
4587.8 
4580.9 
4591-9 
4593-9 
4796.0 
4508. o 
4600.1 
4602.1 
4604.1 
4606.2 
4608.2 
4510.9 
4612.3, 
4614.3 
4616.4 


4397.5“. 


4620. 5 
4622.5 
4624.6 
4626.6 


4628.7 
4630.7 
4632.8 
4634.8 
4636.9 
4639.0 
4641.0 
4643-1 
4645-1 
4647-2 


—— 
Min. 


1 60 


_ 
Min, 

4649.3 
4651.3 
4653-4 
4655-5 
4657-5 
4659.6 
4661.7 
4663. 

4665.8 
4667.9 
4669.9 
4672.0 
4074-1 
4979.2 
4673.2 
4680.3 
4682.4 
4086.6 
4638.6 


4690.7 
4692.8 
4694.9 
4697-0 
4699.1 
4701. 2 
4703.2 
4705.3 
4707.4 
4709-5 
4711.6 
4713-7 
4715.8 
4717.0 


4722.6 
4724.2 


4728.4 
4739.5 


4732.6 
4734-7 
4756.9 
4739-0 


4720.0 | 4 


4726.3 


"6z 
Min. 
4775-0 
4777-1 


4779.3 
4781.4 


ö 


4283.5 


4785. 


14787. 


4790. o 


4792.1 


4794-2 


4796.4 
4798.5 
4800. 7 
4802.8 


4804.9 


4857.1 
4309.2 
4811.4 
4813.5 
4815.7 
4817.8 
4820. o 
4822.2 
4824.3 
4826. 5 


4828.6 
48 30. 8 
4832.9 
4835-1 


4741-2 


1 4618.4 | 4743.2 


4745-31 
4747.4 


4751.7 
4753-8 
4755-9 
4758.0 
4700.1 
4762.3 


OOO —_— — 


4764.4 
4766.5 
4768.6 
4770.8 
4772.9 
Min. 


4749.5 


} 6x 


| 


5032 
| $034+9 
5037.2 


Min. 


63 


a” 


64 
Min, 


5939-5 
5041.7 
5044.0 
5046. 3 
5048. 

5050.9 
50532 
50555 
5057.7 
5060. o 
5062. 3 
5064.6 


5066.9 


5069.2 
221.5 
5073.8 
5076.1 


6 | 5078.4 


5080. 7 
5033.0 
5083.3 
5087.7 


# 5090. | 


5092. 


894. 
4 5099.9 
5096.2 


5101. 5 


5103.9 


5106.2 


5 108.5 


5110.8 
5113.1 
5115. 
5117. 
5120.1 
$122. 


$124. 


5127.1 


5129-5 
5131.8 
$T34+1 
5730-5 
5138, 

5141.2 
51435 
5148.2 
5148.2 
51 50. 6 
5152.9 


5274.7 
5277.1 
5279-5 
5282.0 
5284-4 
5286.8 
5289.3 
5291.7 
52942 
5296.6 


Min, 


—_ 


| 5323-6. 
5320.0 
5728.5 
5339.9 


832.4 


5335-9 
533 5 
5340. 

5343-3 
$345-7 
5348.2 
5350.7 


$353-2 
7 5358-6 
.T- 


535 


. —— — 


5 5360.6 


5303-1 


41 5268.6 
21 5368.1 


5370-5 


51] 5373-© 


$375+5 
5378.0- 
5380. 5 
5353-0 
5385-5 
5388.0 
5399.5 
5393.9 
5395-5 
5398.0 
5400-5 
5403-0 


5405.6 | 
| 5408.7 


5410.6 
3413.1 
541 * 
5418.7 


| 5420-7 


— — 


5423-2 
542 5+7 
5428.2 
5430.8 


5433-3 


5435.8 
5438.4 
5440.9 
5443-5 


5446.0 | 560 


$155» 
5187. 
5160.0 
5162.3 


5164.7 


5299. o 
| $3075 
5303. 9 
5306.4 
5308.8 


5448.5. 


5457.1 
5452.6 
5456.2 


5458.7 


5028.1 j 5167.0 
$030+3 j 


5169.4 
5171. 8 
5174.1 


5176.5 


Mis. 


5 


5461.3 
5463.8 
5466.4 


6] 5468.9 
5421-5 


Min. 


66 


5709.1 
5711.8 
5714.5 
5717.3 
5720. o 
5722.7 
$725.5 
5728.2 
5731.0 


6 | 5733-7 
$736-4] 39 
5739.2 
5741.9 
5744.7 
5747. 
3280.2 
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.. . A Table of  Meridional Parts. 


Min. 
5797-4 
3800.2, 
5803. o 
5805.8 


— —— 


5808.6 
5811.4 
5814.2 
5817.0 
5819.8 
5322.6 
532 4 
5828.2 
5831. o 
5333-9 
5836.7 
5339-5 
5842-3 
$24 $+2 
5848.0 


5853-7 
5856.5 
5859.3 
5862.2 
586 5. o 
5867.9 
8875.7 
5873˙5 
5870-4 
5879-3 
5882.1 
588 5. o 
5887.8 
5890.7 


5893.6 
5898.4 
5899.3 
5902.2 
$9051 
$907.9 
5910.8 
59137 
— 
5919.5 
59224 
$925-2 
5928.1 
5931. 0 
8933.9 
5936.8 
59397 
5942.6 
$945+5; 
5948.5, 
981.4 


5954˙3 
5957.2 


5850.8 | 60 


5960.1 


Min. 


HOT 


83 
Ft 
. 

vJ I 


8 85 


6078.8 


-- 


6081.8 


6136. 


5 
16239.6 
5963.016142. 


Min. 


69 © : 


153349 


6347.8 


16354. 


= [73 


Min. 


6338.1 
6341. 
6344. 


6351.1 


6357. 

54 Lap 
6364.1 
6367.4 
6370.6 
6373-9 
6377.2 
6330.5 


Min. 
6534-5 
6537-9 
0541-3 
6544+-7 
6548.2 
6551.6 


6555. 
78.5 


6561.9 
6565.4 
6568.8 
5572.3 
6575.7 
6579.2 
6582.6 
6586.1 
5589.5 
6593.0 
6596. 

6600 - 


0 
6603 4 
6608.9 
22 

13-9 
6617.4 


6620.9 
6624.4 
6627.9 
6631.4 
6635.0 


* 2 
Min. 
6745-7 
225 
763. 
6758.6 
6760.3 | 
6763. 
6767.8 


{hag 
774-9 
6778, 5 
6782.2 
6785.8 
6789-5 
6793-2 
6796.9 
6800. 5 
6804.2 
6807.9 
6811.6 
6815.8 
6819.0 
6822.7 
6326.4 
6830.1 
6833.8 
6837.6 


6841.3 


684 


. 
7 
6852.5 


6638.5 
6642.0 
6645.5 
6649.1 
6652.6 
6656.1 
6659-7 


6 6663.2 


6666.8 
6670.3 


6673-9 | 


6677-4 
6631.0 


6684.6 


6688.16 


— — — 


6691.7 
669 $-3 
6698.9 
6702. 4 
6706.0 


6709.6 
6713.2 
6716.8 
6720.4 


6724.0 [6 
6727.6 
816731.2 


6734. 
6738.2 


6742.1 


Min. 
73 


6856.21 7 


6863.5 
3-7 
6867.5 
6871.2 


6875.0 
6878.7 
6882.5 


6886.3 
0590.7 


7 


Min. | 


6970.3 
6974-2 
— ag 
6980. 

6935.8 
6989.7 
6993-6. 
6997.5 
7001.4 
7005.3 


_76 


ts 
7210.1 
7214-2 
7218.3 


7221. 5 | 


7226. 
7230.8 


| 
7239-1 
7243-3 
7247-5 
7251.6 


| 
7255.8 
7017.0 — 


7204-2 
7263.4 
7272.6 
7276.8 
7231.0 
7285.2 
7239.4 


+04 7730.2 


7234-9 | 


6 7715.8 
0 7720.6, 


: ad 
Min. 


7467.2 


7476.1 
7480.6 


7744.6 8045.7 
7471.7 |: 


7485.0 


7439.5 
7494-0 
7498.5 
7502.9 
7 597-4 
7511.9 
7516.4 
7520.9 
7525-4 
7539-0 
7.5345 
7539-0 
7543-6 
7548.1 


7552+7 


7557-2 
7561.8 
7566.3 
7570.9 
7575-5 
7 580.1 
7584.7 
7589.3 
7593-9 
7598.3 


7603.1 


7607.7 
7612.3 
7617.0 
7621.6 
7626.3 
7630.9 
7635.6 
7640.2 
2644.9 


7649.6 [7 


7654-3 
7659.0 


7663.7 
7668.4 
7673-1 
7677.8 
7682.6 


7687.3 
7692.0 


7696.8 


7701.5 


7706.318 


7711.0 


7725-4 


4 


1735-0: 


8 7739.8 3 


- . 
Min. 
2 — — 


7 


Min, 


TIT. 


lo 00 oats * »4 oN. 


10 


10323. 7 


L. 
M 
o 
1 
2 
3 
K. 
7 - 6 
a 6 
29210.8 9680.6 
10 9218.1 9689.0 
1119225. 9097-4 
12 | 9232 9705. 
131 9240.2} 9714-2 
14 | 9247-6] 9722.7 
T5 | 9255-0 | 9731-2 
16 | 9262.4 | 9739-7 
17 | 9269.9 9748-3 
18 | 9277.3] 9756. 
19 | 9284.8] 9705.4 
20 9292-2 9774-0 
211 9299.8] 9782.7 
22 1 9397-3} 9791-3 
23] 9314-8} 9800.0 
24 | 9322-4 | 9808.6 
2519330-0| 9817.3 
201 9337-5] 9826.1 
27 | 9345-2 | 9834-8 
28|9352.8] 9843.6 
22193504 9852.4 
391] 9368.7] 9861.3 
31 | 9375-3 | 9870.1 
32 | 9383-5 9979-0 
331 9391-2 | 9887.8 
34 | 939849 | 9856.7 
35 | 9406.6 | 9905.7 
36 | 9414-4 | 9914.6 
37 | 9422.1} 9923.6 
33 [9429.9] 9932.7 
. 3919437-5 | 9941-7 
40 | 9445-6] 9950.8 
41 | 9453-4 9959-8 
42 | 9491-3} 9968.9 
43 | 9469.1 | 9978.0 
44 | 9477-0 | 9987.2 
4519484-9| 9996.3 
49 | 9492.9 | IO0OgG. 5 
47 | 9500.8 | 10014.8 
48 | 9508.8 | 10024.0 
49 | 9516.8 | 10033.3 
50 [9524.8 | 10042.6 
$11 9532-9 — 
52 | 9540-9 100. 
539548 9g | 10070, 
54 | 9557-0 | 10080.0 
55 | 9565.1 | 10089.4 
59 1 9573-2 | 1009849 
57 | 9581.4 | 10108. 4 
58 9539.5 | 10117.9 
59 | 9597-7 | 101274 
M} Min. Min, 
T. 22 83 


10273. 


102144 
1G224-2 


102 34.0 
10243. 8 
102 63.7 
10263. 6 


toa8 3. 5 
10293. 5 
10303. 5 
10313. 6 


103318 
10344. 
10354. 
103043 
10374+5 
10384.8 
10J95.1 
104054 
T0415.8 
10420.2 
104 36.6 
104471 
10457+-5 
10468.0 
10478. 5 


10439. 1 
10499-7 
1050 4 
10521. 1 
1031.8 


10542. 6 
105533 
10 564.1 
10574 

10585. 

10 596.7 
10607. 7 
106 18.7 
10629. 

— 
106 61. 9 
10663. 
— 1 
I 3 
— 2 


——ů— — — 


10707. 
107 19.1 
10730. 4 
1041.8 
1073.3 
In. 


84 


108696 
1088 1.4 
10893. 3 
10905. 2 
10917. 2 
10929. 1 
1094.2 
109533 
1096 5. 5 
10977. 7 
10989. 9 
11002. 2 
11014. 5 
11026. 9 
11039. 3 
11051. 7 
11064 2 
11076. 8 
11089. 3 
11 102. o 


22 
11127.4 
11740. 1 
11152. 

11168. 

11178.7 
11191.7 
11204. 7 
11217. 7 
11230. 9 
11244. 0 


11257. 2 
11270. 

11283.8 
11297.1 
11310.6 


T1324.0 


11337. 6 
11351.1 


11364.8 
11378.4 
11392. 2 
11406. o 
11419.8 
T1433+7 
11447.7 
11461. 7 
11475.8 
11489.9 


Min. 
11532. 6 
11547. 0 
11561. 4 
115759 
11590. 5 
11619. o 


2 | 11605.8 


ti634.5 
T1640,3 
11664.1 
11679. 1 
11694. o 
1170.1 
11724.2 
11739-4 
117 54-7. 
11770.0 
11785.4 
11800. 9 
11?16.4 


11832.0 
11847.6 
11863.4 
11879.2 
11895. 1 


11911. 0 
1192.1 
1194 3.1 
11959. 

11975. 

11992.0 
12c08 4 
12024.9 
1204 1. 5 
12058. 2 


12074. 9 
1209 1.7 
12108. 6 
1212.6 


121427 
121 59.9 
12177.1 
12194. 

12211. 

12229. 3 
12246. 9 
12264. 6 
12282. 4 


12 300.2 


12318.2 


[12336.3 


123 54-4 
123727 
12391. 


12780. o 


12800. 7 


1282 1. 5 
12842. 5 
12863. 5 
12884.7 


12906. 1 


1292 7.4 
12948. 9 
12970. 6 
12992. 5 
13014. 4 
13036. 6 
130588 
1308 1.2 


13103.8 
5 


1312 


13149.3 
13172. 


3 
13195. 
13278.8 


12409-5| 133 


12428.0 
12446.7 
12405. 3 
124384.2 
125431 
Min. 


* RT 


14719-9 


14756.3 
14793-0 


. * 
4867.8 


14905.8| 18( 


149442 
14983. 0 
15022. 3 


15062. 1 4-4 


15102. 3 
I5143-0 
15184.2 
* 
15268. o 
15310. 7 
5354-0 
153978 
I 5442.1 
15487.0 
t 5532 6 
15578 7 
15625. 5 
15673. 0 
15721 © 
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For Numbers increaſing in their Natural Order from Unite 


to IOOO . 
Num. Logarith. Num. | Logarith. Num. | Logarith. 
I |0.000000 34 |1-531479 67 [1.826075 
2 [o. 301030 35 [1.544068 68 [1.832509 
3 {0.477121 36 [1.556302 69 1.838849 
4 o. 602060 37 1.868202 70 1.845098 
5 O. 698970 38 [1.579784 71 [1.851258 
6 |0.778151] |__39 1.391065 72 [1.857332 
7 ,0.845098 40 | 1.602060 73 1.863323 
8 0.903090 41 1.612784 74 |1.869232 
9 |0.954242 42 1.623249 75 [1.875061 
IO | I.000000 43 1.633468 76 [1.880814 
11 1.041393 44 1.643433 77 1.886491 
4 12 1.079181 45 1.653212 78 1.892093 
"wy 13 1.113943 46 |1.662758 79 1.897627 
iq 14 [1.146128 47 |1.672098 80 [1.903090 
n 15 [1.176091 48 [1.681241 81 [1.908485 
11 16 [1.204120 49 1.690196 82 1.913814 
al 17 [1.230449 50 [1.698970 83 1.919078 
10 18 [1.255272 51 [1.707570 84 [1.924279 
1 19 1.278754 52 [1.716003 85 1.929419 
fit 20 [1.301030 53 1.724276 86 [1.934498 
b 21 1.322219 54 1.732397 87 1.939519 
15 22 1.342423 55 1.740363 88 1.944483 
Ws 23 [1.361728 56 [1.748188 89 1.949390 
[ 24 [1.380211 57 1.735875 90 [1.954242 
Al 25 [1.397940 58 1.763428 91 [1.959041 
i 1 1.414973 59 [1.770852 92 1.963788 
wit 271.4313644 60 [1.778151 93 1.968483 
Wit 28 [1.447158 61 [1.785330 94 1.973128 
I 29 1.423980 | 62 [1.792392] | 95 [1.977724 
10 30 1.477127 03 [1.799340 96 1.982271 
10 31 1.491362 64 1. 806180 | 97 [1.986772 
it 32 |1.505150 65 [1.812913 98 [1.991226 
|! 33 [1.518514 66 99 [1.995635 


1.819844 


LOGARITHM." 3ul 
nnen 5 
000000 | 000434 | 000868 | 001301 | 0017 34-|002166;| 002598 003891 
004.321 | 004751 | 005180 | 005609 | 006038 | 006466 | 006894 (008174 | 
008600 | 009026 | 0094.51 | 009876 | 010300] 010724|011147 012415 
012837013259 013680014100 014520014940 [015360 6 016615 
0170331017451 [017868 018284018700 [019947019532 020361 | 02077 5 
021189| 021603022016] 022428022841 [023252 |023064. 024896 
25 306025715 026124 | 026533 | 020942 [027350027757 028978 
029384 929789 [030195 030600] 031004 [031408 [031812 033021 
033424 | 033826 | 034227 | 034628 | 035029 [0354 30|035830 037028 
037426] 037825|038223| 038620] 039017 [039414 |039811 040998 
041393| 041787 | 042182 | 042575] 042969 [043362043755 044931 
045323 045714046105 046495] 046885 1047275 |047664 048830 
049218 | 049606 | 04.9993 | 050380] 050766051152 [051538 052094 
053078|0534631053846 | 054230] 0546131054996 955378 050142 050524 
056905 | 057286 | 057666 | 058046] 058426 [058805059155 060320 
060698 | 061072 | 061452 | 061829062206 | 062582 | 062958 06408 3 
064458 | 064832 | 065206 | 065580] 065953 | 066326| 066698 067814 
068186 | 068557 | 068928 | 069298 | 069668 | 070038| 070407 O7IG14 
071882 |072250|072617 | 0729851073352 [073718 | 074085 075182 
075547 | 075912 | 076276 | 076640] 077004 | 077 368 [1077731 078819 
079181 79543 079904 | 0802664 080626 o80987 | 081347 082426 
082785 | 083144 | 083503 | 083861 | 084219 |084576| 084934 086004. 
086360 | 086716 | 087071 | 087426] 087781 | 088136] 088490 089552 
089905 | 090258 | 090611 | 090963] 091315 | 091667 | 092018 093071 
093422 |093772| 094122 | 094471] 294820 | 095169] 095518 099 562 
0969101097257 | £97604 | 097951] 098297 | 098644] 098990 100026 
100370100715 101059 101403] 101747 102090 1024.34 103462 
103804104145 104487 | 104828105 1691055100 105851 106870 
107210107549 107888 108227} 108565 | 108903 109241 1102531 
110590 110926 111262111598 111934 |112270| 112605 113609 
113943| 114277 | 114611] 114944} 1152788115610 115943 116940 

[117271] 117603| 117934 | 118265 | 1185951118926] 119256 1202451 
120574 | 120903121231 121550 121888 1222160 122543 123525 
123852124178 124504 124830 125156 125481 125806 126781 
127105 127429127752 128076128399 128722 129045 130012 
130334130655 130977 131298131619 131939132260 133219 
133539 1338580134177 134496 |134814[135133] 135451 130403 
1367210137037 137354137570 137987 |135303| 138618 139564 
139879 140194140508 140822 | 141136 | 141450] 141763 I 42702 

139143015 143327 | 143039 | 143951 | 144263 | 144574] 144885 145818 
146128 146438 146460149055 147367 | 147676] 147985 148911 
149219 1495271149835 | 150142150449 15075615 1063 151982 
1522880152594 152900 153205 | 153510 | 153815154119 155032 

155336158640 158943 156246 | 156549 | 156852] I57154 158061 

158362 | 158664 | 158965 | 159266 | 159567 | 159868 160168 161068 
0 1 2 3 . 9 


N - » 
. 


— 
167368 
164353 
71167317 
170262 
173186 
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951677 


944877 
945370 
945862 
946354 
496845 
947336 
947826 
948315 
948804 
949292 
1949780 
950267 
950754 
951240 
951726 


952163. 
952047 
953131 
953015 
954098 
954580 
955062 
955543 
956024 | 
950505. 


952211 
952696 
953180 
953663 
954146 


942454 
942950 
943445 
943939 


944433 


944927 
945419 
945911 
940403 


940894 


947385 
947875 
948304 
948853 


949.341 


949829 
950316 
950803 
951289 
951774 


952259 
952744 
953228 
953711 


954028 
955110 
955591 
955072 
950553 


956984 


61957404 


547 $944 


3.958420 


958898 
7 


(95/032 
195/511 
258228 
958468 


958940 93899. 


N 


———— —— — SY REC OE F—— —— ——  ra 


LOGAR ITEMS. 5 858 49 


INo. 9-4-4 2 3 4 3 7 8 


— We} 


9101959041 [9590891959137 [959184959232 959280959328 959375 959423959471 
911959518 959566 959614 | 9596611959709] 959757|959804 |959852[959900 959947 
9121959995 | 960042 | 960090 | 960138| g60185 | 960233| 960280| 960328 [950376 | 960423 
$913] 960471960518] 960566 | 960613] 960661 | 960708] 9607 56 | 960804 | 960851 | 960899 
914 |960946|960994 | 961041 | 961089] 961136] 961184|961231[961279|961326|961374 
g915|961421|961468 ; 961516|961563|961611|961658]961706|961753| 961801 | 961848 
9161961895 9619431967990 | 962038| 962085 | 9621320962180 962227 |962275| 962322 
917 |962369|962417| 962464. |962511]962559| 962606] 962653962701 962748962795 
918|962843| 962890] 962937 | 962985] 963032 | 963079] 963126] 963174|9632211| 963268 
9191903315 9633031903410|9034571963504 |963552| 9035991903646 1963693] 963741 
920| 963788] 963335 | 963882 | 963929] 963977 964024496407 1964118964165 954212 
9211964260|964.307] 964354 | 9044011964448] 964495 964542 964590 | 964637 | 964684 
9221904731 [964778] 964325 196045721964919] 9649661965013] 965060|[965108|965155 
9234905202 965249905296 | 965343][965390|965437|965484 | 965531965578 965625 
9249556572 965719 965766 | 965813] 965860] 965907 965954906 | 966048 | 966095 
925 966142966189 966236 | 966283] 966329] 966376 966423 966470] 966517 | 966564 
92619666 11966658 956705 | 966752] 966798 | 966845 966892 | 966939 | 966986 | 967033 
927 1967080[967127[9671731 967220] 967267 | 9573141967361 | 967408 |967454|967501 
928967548967 595967642 967688 967735967782 967829967875 967922967969 
9299680 1690898109968 156968203 966249958296 968 3431968 389968436 
930968483968 5 300968576 9686231968670 9687 16968763 9688 109688 56 968903 
931968950 1968996 | 969043 | 969090[ 969136 969183|[969229 969276969323 969369 
932|909416| 9694621969509 | 969556|969602 | 9696491 969695 | 909742 |969788| 959835 
933 | 969882 969928 | 999975 970021]9700608|970114{970161|970207 970254970300 
934970347 9703931 97044019704861970533 9795791 979926 [970672 9707191970765 


= 
— — = — — 2 * — — — 
2 — — — — 0 2 — 
. 4 2 — 2 
* 
af 7 * * * 
0 * . __ 4 * < n * * \ 
> 0 2 X 2 — - 2 - 4 —— — — 
1 — 
a. _—_ * = 


FT 
— — 9 = _—_- — 85 * 
— 22 > * = C * 
9 Ly 
* i - n . 
— — — — $45. HOES ARE * — 2 


•ä——ä—m— — — 


935 970812970858 {970904 [9709511970997 [9710441971090 [971137 [9711831971229 
93519712761971322{971369|[971415]971461[971508;971554[971600[9716471971693 
937 [971740|971786|[971832|9718791971925[9719711972018 9706497 2110972156 
933|9722031[9722491972295| 9723421972388 972434724807 527 972573972619 
939 972666972712 972758972804 9728510972897 972943972989 973035 973082 


— — —_ 


940 9731280973174/973220973266973313973359 9734057345 10973407 973543 
941973590 973636 973682973728 [973774973820 973866973913 973059 9% 
94297405 1974097 974143 97418919742351974281197432719743731974420[974466 
943974572 9745581974004 9946501974696 [9747421974788 1974834 [974880974926 
944 9749721975018; 975064 975110! 925156975202 975248975294 [9753401975386 
945 975432 975478975584 975570 975616]97566119757071975753[975799] 975845] 
945|975391]975937 : 975983|976029]976075|970121{976166]976212|976258[976304 
347 |976350|976396 | 976442 | 9764871976533|976579|976625| 9766729; 67r7[976762 
9481 976808[976854; 976900| 976046] 976991 [977037j977083|9771291977175|977220 
19:9! 977266 9773121977358 9774931977449 j977495197754119775861977032[9g77678 
(550; 9777249777609 {977815 977861 977906 | 977952, 977998 | 978043[978089|[978135} 
9511978180 9782261j97827219783171978363 978409, 978454978500 978546907859 
952 97863797868 30978728 78 7747881988659 7891197895697 97904) 
1353; 9790931979138] 979184 |979230[979275 979321 [979365 979412 [979457 [979503 
. 9795 79548] 9795941979039] 97908519797 30197977 2555 979867 1979912979958} 
VV 


Rr 2 1 
N 


* Fa.  , 


LOGARITHM S. 


992553 
292995 
993439 
993877 
994317 
994757 
995196 


995635 


996074 
996512 
996949 
997.386 
997523 


66998259 


998695 


81999130 


999505 


O 


932769 
98 3220 
983671 
984122 
984572 
985022 


61985471 


985920 
950369 


991270 
991713 
992156 
992598 
993039 
933450 
993921 
994301 
994801 
995240 
995679 
990117 
990555 
990993 
997430 
997867 
998303 
9987 39 


2 
980094 


980549 


981003 
991456 


1981909 | 98 
982316982362 


982814 
983265 
983716 
— 
984617 
985067 
985516 
985965 
986413 


991315 
991757 
992200 
992642 
993083 
993524 
993965 
994-405 
994845 
995284 
995723 
996161 
996599 


997037 
997474 


997910 
998 346 


998782 


9991741 999218 
999609} 999652 


I 


2 


990472 


81990072 


990516 


990910 
391359 
991802 
992244 
992686 
993127 


——ů H— — —⅛ — 


994009 
994449 
994889 
995328 


990960 | 


991403 
991846 
992288 
9927 30 
993172 
993613 
394053 
994493 
994933 
995372 


6 
980276 


980730] c 


981184. 
981637 


9820909 


992333 
992774 
993216 


993657 
994.097 
994-537 
99497 7 
995416 


995767 
990205 
996643 


997080 


991517 
997954 


998390 


998826 

999261 

999696 
3 


995811 
996249 
996687 
997124 
997561 
997998 
998434 
998869 
299305 
999739 


4 


995954 
990293 
9907 30 
997168 
997605 
998041 
998477 
998913 
999248 
999783 


RE 


991049] 9 


991492 
991934 
992377 
992818 
993260 
993701 
994141 


999392 
939826 
222 


993745 
994185 
994625 
995004. 
995504 


——_— 


8 
980367 
980821 


91981275 


981728 
982181 


982633 
983085 
983536 
983987 


2984437 


984887 


985337 
085786 
986234 


986682 


987130 
987577 
988024. 


98847098 


988915 


— ——— —ä—ñẽä—— 


989361 


990250 
990694 
991137 


991580 
992023 
992465 
992907 
993348 
993789 
994229 
994669 
995108 
995547 


999000 
999435 
999870 


905986 
996424 
996862 
997299 
997730 
998172 
998608 
999043 
999478 
99991 


= 


989806 [9898 


993392 
993833 
994273 
994713 
995152 
995591 
996030 
996468 
996905 
997343 
997779 
998216 
998652 
999087 
999522 
999957 
9 


\ TRIANGULAR CAnNon LoGARITHMICAL: or, A TABLE of Artificial Six Ss, Ta x- 
ours and SECANTS, the Radius 10.000000 ; and to every Degree of the QUADRANT. 


1 
o Degree. 


1 Degree. 


911:142477 
0 7.7647 54 
7.73594 
2 [7.80614 
317-32 5451 
07.843934 
6 —— 
7.87869 
is 
7920879 
7.926119 
57945842 
3107.955082 
17.968870 
3317-98224 1 
4995198 
07787 
1618.02002 1 
7 9.031919 
[5.043501 
28054787 
8.065776 
ieee 
0 
5 809185 
| 8.107167 
6 3.116926 
9.26471 
8.135810 
—4953 
*153907 
518 162681 
ö b17128o 
417971 
x 187585 
F 9296102 


——— 


10.00000 
9.999999 


69.999999 


9.999999 


69.999999 


9.999999 
9.999999 
9.999999 
9.999999 


689.8929225 


9. 999998 


89.999998 


9.999997 
9.999997 
9.999996 


Tang. | 


0.000000 
6.463726 
6.7647 56 
6.940847 
7.065786 
7.162696 
3 
7.308825 
7.3668 17 
241797 
7463727 
7. 505 120 
7+ 542909 
7-577671 
2 


9.999996 
9.99999 5 
9,999995 
9. 999994 
9.999923 
9.999993 
9.999992 
9.999991 
9. 999990 
9 999989 


9.999988 
9.999987 
9.999986 
9299984 
9.999983 
9.999982 
9.99998 « 
9.999930 
9:299979 
9.999977 
9.999975 
9.999975 
9.999973 
9.999972 


9.999988 7 


9 
7.667849 
7-694179 
7-719003 
242484 
7.764761 
7.785981 
7. 806155 
7.82 5460 
2.843944 


7.9822 53 
7-995219 
8.007209 
8.010044 
8.031945 
8.043 27 
6 0 


9.999971 
9.999969 
9.99996 

9.999966 
9999964 
9.999963 
9.999961 
9.9999 89 
9.999958 
9.9999 56 
9.9999 54 
9-9999 52 
9:999950 
9.999948 


8.065806 
8.076531 
8.086997 
8.097217 
8. 107202 
8.116963 
494 7 196 

135851 
8. 144996 
8.1530 52 


Infinite. 


13.536274 


I 3+235244 
13.059152 
12.934214 
12.837304 
12.758122 
12.691175 
12.633183 
12.582030 
12.536273 
12.404880 
12.457091 
12.422328 
12. 390143 
12. 360180 
12.332151 
12.305821 
12.280997 
12.257516 


12235239 
12. 214049 
12,193845 
12.174540 
12. 156056 
12. 138326 
12.121292 
12. 104901 
12.089105 
12.073866 
12.059142 
12. 44900 
12.031111 


12.017747 
12.004781 


11.992 191 
11.979955 
11.968055 
11.956473 
11.945191 
11.934194 
11.923469 
11.913003 
11.002783 
11.892797 
11.883037 
11. 873490 
11.864149 
I1.855004 
11.846048 


8.162727 
8.171328 
8.179763 
8. 188036 
8.196156 
8 204126 
8.211953 
8.219641 
8 227195 
8 234621 


8.241921 


11.837273 
11.828672 
11.820237 
11.811964 
11. 803844 


11.798874 
11.788047 
17.780259 
11.772805 
11.765379 
11.758078 


Tang. 


| 


Secant, 


10.000000 
to. 000000 
10,0000C0 
10,000000 
10.000C00 


lo. ooo 
Io. oc OOO 
I95,000C01 
10.000001 
IO,000001 


20.000002 
10,000002 
I0.000003 
10,000003 
o. ooo 


I0,000004 
10.000005 
I0.000005 
I0,000006 
10.000007 


I0.000007 
10.Co0008 
0 0OCOCOg 
IO0.COOOIO 
10. 00011 


10. 00011 
ro. ooοο 
IO.0000T 3 
10.0000 14. 
IO.COOOT 5 


10.000016 
10,0c0018 
10.009019 
I0,000020 
I0.000021 


I0.000022 
10,0C0024 
10,000025 
10.00C026 
10.0CC028 


I0,000029 
IO.COCOJI 
10. 00032 
10.0000 34 
10.coco036 


10.000037 
10.Cc00039 
T0.00004 1 
10,000042 
10.00004.4 


10.0c0046 
10.000048 
I0,000050 
10.000052 
10.0000 54. 


10,000056 
10.000058 
I0.000c60 
10.000062 


10.000064 


10. 00066 


infinite. 


13.536274 
13.235244 
13.059153 
12.934214 
12.8 37304 
12.758123 
12.691176 
12.633184 
12. 682032 


— .'. [ 


12.536274 
12.494882 


12. 457093 
12.422332 


12.390147 


12. 360184 
12.332155 
12. 305827 
12. 28 1003 
12.257 522 


12.235246 
12.214057 


12.193854 
12.174549 


12. 1560663 


12.138338 


12. 121305 


12. 104915 
12.089121 


12.073881 


12. 059 158 
12.044918 
12.031 130 
12.017767 
12.004802 


I 1.992213 


11.979979 
11.968080 
11956499 
11.945219 
11.934224 
11. 92 35c⁰ 
11.913035 
11.902817 
11.892833 


11.883074 
11.873529 
11. 864 190 


11. 859047 
11.846092 


11.837319 
11.828720 


11.820287 
11.81201 
11. 80389 


11.798930 
11.788105 
11.780410 


11.772866 


11.766443 
11.758145 
Secant. 


{30 
22 


s 
27 
26 
25 


Bo > ua > Un | ava co 


8.241855 
8.249033 
8.256094 
8.263042 
8.269881 
8.276614 
8.283243 
8.289773 
8.206207 
8. 302 546 


8.308794 
8.314954 
8.321027 
8.327016 
8.322924 
8.3387 53 
8. 344504 
8.350180 
3.567753 
8.361315 


97909934 
9.999932 
9.999929 
9.999927 
9.299925 
9.989922 
9.999920 
9.999917 
9.999915 


| 9:999912 


9.999910 
9.999907 
9.999905 
9. 999902 
9.999899 


Tang. 


8.241921 
8.249101 
8.256165 
8.263115 
8.269956 
8.276691 
8.283323 
8.286856 
8.296292 
8.302633 
8. 308884 
8.315046 
8.321122 
8.327114 
8.333025 


11.755078 
11.750898 
11.747835 
11.730885 
11.730044 
11. 723309 
11.716677 
1171014 
11.703708 
11.697366 


Secant. 


1. O5 
Io. occoõ8 
10. 00071 
lo. oc 73 
10. C0075 
10.c00078 
o. cooc go 
10.0CCOS2 
10,00c085 
IC. oc 887 


11.691116 
11. 6840 54 
11.678878 
11.672886 
11.666975 


9.999397 
9.599594 
9-999891 
9.999888 
9.999885 


8.366777 
8.372171 
8.377409 
8.382762 
8.387962 
8.393701 
8.398 179 
8. 40 199 
8.408151 
8.413068 


8.417919 


8.422717 
8.427462 
8.4321 56 
8.436 8c⁰ 
8.441304 
8.445941 
8.450440 


88.454893 


8459359 
8.46366 5 
8.46798 5 
8.472263 
8.476498 
8.480693 
8.484848 
8.488963 
8.49 3040 
8.49708 
8. 50 1080 
8.505045 
8. 508974 
8.512867 
8.516726 
8.520551 


9.999882 
9.999379 
9.999876 
9.999873 
9.999870 
9.999867 
9.999864 
9.999861 


19.9998 58 


2229854 
9.999851 
9.999848 
9.99984 4 
9.999841 
92.229838 
9.999834 
9.999831 
9.990827 
9-99982 3 
9. 999 820 
9.999816 
9.9998 12 
9. 999809 


9.099305 |8 


9.999801 
9.999797 
9.909793 
9.999790 
7-999786 
9.999782 
9.999778 
9.999774 
9.909769 
9.999765 
9.999761 


8.524343 
8.528102 


$.531828 
8.535823 
8.539186 
8.542819 


9.999757 
9.999753 
9.999748 
9.999744 
9.999740 
2.99738 


Sine 


8.3388 56 
8.3446 10 
8.350289 
8.355895 
8. 361430 


11.661144 
11.655389 
11.649710 
11.641105 
11.638 570 


8.366894 
8.372291 


11.655505 
11. 62770 


8.377622 
8.382889 
8.388092 | 


8.393234 
8.39831 
8.40333 
8. 408 304 
8.413213 
8.418068 
8.42286 


11.622378 
11.617111 
11.611908 


11. 606766 
1 1.60168 5 
11. 596662 
11. 5901696 
11.586787 


o oo oo 
I0.00C0g 3 
I0.00009 5 
10.coccg8 
10. 000 101 


ro. o o103 


10. 000106 
I0.000109 
1c. 000112 
o. 00115 


10.000118 
Io. o O21 
10.000124 
10. C0127 


10. coO0130 


10. 00013 
10.COOT? 
10. 00 139 
10. 00142 
10,00014 6 


11.581932 
11.577131 


8.42761 

8.432315 
8.436962 
8.441560 
8.446110 
8.450613 
8.455070 
8.259481 


11.572382 
11. 56768 8 
11. 56 3038 


11.558440 
11.553890 
11.549387 
11.544930 


10.000149 
10. oo 52 
10. 00 15 5 
Io. oo 1069 
10 000162 


10. 00166 
10. oo 169 
o. coo173 


| 


þ 


11.612038 N 
11.606899 


11. 56 3aco 


11.758145 
11.750967 
11.743906 
11.730958 
11.730119 
11.723386 
11.716757 


ö 


11.703793 
11.6374 54 
11.691206 
11.68 504 6 
11.678973 
11.672984 
11.667076 
11.661247 
11.685496 
11.649819 
17.644216 
11.638685 


11 633223 
11.627829 
11 622 50 
11.617238 


11.601821 
11.596801 
11.591839 
11.586931 
11.582081 
11.577282 
11.572538 
11.567844 


11.5586c6 


10.000176 ; 


10 coo180 | 


8.463849 
8.468 172 
8.472454 


8. 508267 
8.509200 
8. 813098 
8.516961 
8.52070C 
8. 524586 
8.523340" 
8.532080 
8.535779 
8 539447 
3. £43084 


[2 24059 
11.536151 
11.531827 
11.527546 
11. 523307 
IT 5190108 


10 cco124 | 11.536335 
10.,000187 | 11-532CT5 


ro. cor 


10.008195 f 11.523502 
!10.CCOTCY | 


0 1.514949 
11.510830 
11. 5067 50 
11. 502707 
11.498702 


lo. co 
10.cO00205 
10-0CO210 
10.0002 14 
10.0002 18 


N 


17.554059 
11. 549 560 
11 545107 
11. 540690 


11.527737 


11.519307 
11.515152 
11.511037 
11. 506960 
11. 502922 
11.498920 


11.494733 
11. 400800 
11.486902 
11.48 3039 
11.479210 
11476414 
11.471651 
11.467020 
11 464221 
11.460653 
11.456916 


| Tang. 


10,000222 
ro. Coo 26 


10.0002 30 


ro. co 52 ö 


10.COO2 56) 


10. 00260 |: 


IO 000265 


11.487733 


11.494955 
11.401026 


Secant. 


11. 71022763 
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A Table of Artificial Sines, Tangents and Secants. 


2 Degrees. 


— 
— 


Sine. 


8.542819 
8.546422 
8.54999 5 
8.553539 
8 557054 
8 560540 
8. 563099 
8.567431 
S. 5708 36 
$ 574214 
8.577 566 
8. 580892 
8.584193 
8.587459 
8.590721 


8.593928 
8.597152 
28225 
8.603489 
8.606623 
8.609734 
8.612823 
2.015891 
8.618937 

8.621962 
8.624965 
8.627948 
8 630011 
8.6328 54 
8.636776 


= — 


\O 0984 Ovan [> ws 6 wm o| "viIN 


wn) 
3 
oO &© 
AD 
00 
8 
2 


8. 01589 
$.704090 
8.706 577 
8. 70904 
3.11507 
8.7170 2 
3716283 
3.713890 


— ͤ — — 


9.999735 
9.990731 
9.999726 
9.999722 
9.909717 


Tang. 


8. 543084 
8.54669 1 
8.550268 
8.553817 
8.557336 


9.999712 
9.999708 
9.999 2 
9.999699 
9.999694. 
9.999689 
9.99968 5 
9.99960 
9.999675 
9-999670 
9.999665 


9.999660} 8 


9.999655 
6.9996 50 
9.999645 


8. 560828 
8.564291 
8.567727 
8.571137 


8. 60 38 39 
8.606978 


9.999640 
9.999635 
9.999029 
9.999624 
0.959619 
9.999614 
9.999608 
9.999603 
9.999597 
9-999592 
9.999526 
9.999 58 
9.900575 


CG 


8.6 0004 
8.613189 
8.616262 
8 619313 
8.622343 
8.628352 
8.628340 
9 631308 
8.634256 
8637184 


2229564 8.6 


9.999553 
9995547 
9.999541 


081 9:999533 


9.999529 
9.999 524 
9.999518 


9.999512 


9-999 506 


9.999500 
9.999403 
9.999487 
9.999481 
9:999475 
9.999469 
9.099462 
9.599456 
9. 9904 
9:5 99443 
9.999437 
9.990431 
9.99 0424 
9.299410 
9.090411 


——— — — 


9.999558] 


8.668160 
8 670870 
8.673563 
8.676239 
8.678900 


8 694529 


N 


11.446183 
11.442664 


11432272 


11.418792 
11.415486 
11.412206 
11. 408949 
11405717 
11.402508 
11399323 
11.395661 
11.393022 
11.389006 
11.386811 
11.383738 
11.386689 


11.374648 
11.371660 
11. 368692 
11.365744 
11. 362815 
11.359907 
11.357017 
11.354147 


11.348462 
11.345648 
11.342851 
11. 340072 
11.337311 
11.334567 


11.439172 
11.435709 


11.428863 
11. 42 5480 19.0003cb 


11.422123 


11.377657 


11.351296 


Secant. 


11.456916 10.c00265 


I1.453309 10. oe 


11.449732 


ro. oo 
10.00027 
10.000283 


10.0Cc287 
1O.OCG202 
10,00029 6 
10.000301 


10.000311 
10 000305 
1o. o 320 
10. c ο— 3 5 
10. 000330 
10 000335 
10. co240 
10.000345 
10. 003 50 
10. 000355 
10.000360 
10.000365 
10.000371 
10,cc0376 
IO co 281 


lo. cco386 
10. coo392 
10. coo397 
10 c o4O3 


IO.COO408 


10.000413 
10.000419 
10.000425 
10.0904 .30 
10.0004.36 


10.000442 
10. 000447 
10.0004 53 
10. 004 59 
10,000465 


11.331840 
11.329130 
11.326437 
11. 323761 
11.32 1100 


11.310619 
11. 308037 


11.305471 
11. 302919 
11.300283 
11297861 
11295383 


2 
— 


11.318456 
11.315828 
11.313216 


10. 0471 
10. 00476 
10,000482 
10.0004 88 
10.000494 


10. ooo oo 
10. ooo 506 
10. 513 
10.009519 
IC,COO525 


11.457181 
11453579 
11. 450 5 
11.446461 


11.442946 


11.439460 
11.436001 
11.432569 
11.429164 


11.425786 


11.422434 
11.419708 
11.415807 
11.412531 


11.409279 


11.406052 
11. 402848 
11. 399668 
11.396511 


11.393377 


11. 300266 
11.387176 
11.384109 
11.381063 


11.378038 


11.375035 
11.372052 
11.369089 
11.356146 
11.353224 


11.360320 
11.357437 
11.354572 
1.351726 
11.248898 


11. 346089 
11.343298 
11. 34052 5 
11.337770 
11.335032 


11332311 
11. 320607 
11. 326920 
11.324249 
11.321595 
11.318957 
11.316338 
11.313727 
11.311135 
11. 208 562 


10.000531 


10.000537 


10. o 544 
ro. oo 5 0 
10. oo 56 


8.707120 
8. 709678 
8.712083 


8.774534 
8.716972 


8.719396 


11. 292860 
11.290381 
11.287917 
17. 


11. 280604 


| Fang 


284468 
1. 28 3028 10. 589 
| 10.0c0590 


10.C00563 
10. oo 560 
10. 05 
10. co 82 


11. 306002 
11.303457 
11. 300927 
11.298411 
11.295910 


11.293423 
11.200951 


11.288492 
11.286048 
11.282617 
11. 281200 


R | 


S 


Elo - »w + wm] ow 09'O 8 


49 


21 


122 
23 
24 
25 
126 
27 
128 


29 


5 
36 
37 


Sine 


8.718800 
8.721204 
8.723595 
8.725972 
8.728337 
8.730688 
9.733027 
8.735383 
9.737667 
8.7 39969 


9.999404 
9.999398 
9.999391 
9.999384 
9999378 


8.719396 
8.721806 
7.72420 
8.72658 
8.7289 59 


9.999371 
9.999364 
9.999357 
9.999350 
9999343 


8.7422 50 
8.744536 
8.746801 
8.749055 
8.751297 
$.753528 
8.755747 
8.757955 
3.760151 
8.762337 


9.999330 
9-099 329 
9.999322 
9.999315 
9.999308 


999930 


9 999294 
9.999286 
9999279 
9.999272 


8.764811 
8.768827 
8.770970 
—— 
$.775223 
8.777333 
8.779434 
8.781524 
8.783605 


8.79 58817 
8.797804 
8.799897 


8 8.801891 


39 
40 


50 


51 
52 
33 
54 


| 55 


56 
57 


8.803876 


8.815598 
8.817522 
8.819436 


8 8.821342 
88232402 


8.825130 
8.827011 
8.828884 
8.530740 
8.832607 
8.836297 
8.838130 

8.830956 

8.841774 

8.843584 


9.999265 
9.999257 
9.999250 


9+99924% | 


9.990235 
9.999227 
9.999 
9.999212 
9.999205 
9999197 
9.999189 
9.999181 
9.999174 
9.999166 
9.999158 
9.999150 
9.999142 
9.999134 
9.999126 


9.999 102 
9.999 704 
9. 999056 
9.999077 
9. oe obo 
9. 999061 
9.999052 


9.999027 
9 999019 
9-9990T0 
9-29C002 
9.998993 
9.098984 
9998976 
9.998967 
9.998958 
9.998950 
9: 999941 
Sine, 


8.731317 
3.752663 
8.73599 

8.738317 
8.740626 


I 1.220604. 
11,273194 


11.275796 
11.273412 


11.271041 


11.268683 
11.266337 
11.264004 
11.261683 


11.259374 


8.742922 
8.745207 
8.747479 
8.749740 
8.751989 


11.257078 
11.254793 
11.252521 
11.250260 
11.248071 


8.754227 
8.756453 
8.758668 
8.760872 
8.763065 
8.765246 
8.767417 
8.769578 
8.771727 
8.773866 


8.778995 
8.778114 
8.780222 


8.782320 
8.784408 
8.786486 
8.788554 
8.790613 
8.792662 
224257 
8.796732 
8.798762 
8.800763 
8.802765 
22204736 
8.806742 
8. 808717 
8.810683 
8.812641 
8.814589 


11.245773 
11.243547 
11.241332 
11.239128 
11.236935 
1123473 
11.232582 
11. 230422 
11.228273 


11.226133 


11. 224005 
11.221886 
11.219778 
11.217680 


11.215592 
11.213514 
11.211446 
11.209387 
11 207338 
11.205209 


22 
11. 20124 


11.199237 
11.197235 
11.796242 


11.193258 


11.191283 
11.189317 


11.187359 
11.188411 


8.816529 
8.818461 
8.820 384 
8. 822298 


6 [8.824205 


11.187471 
11.181530 
I1 174616 
11.177702 
11.175795 
11.173897 
11. 172008 
11170126 
11.168252 
11.166387 


1111.164529 


11.162679 


11.160837 


11. 1 50 
11.157175 


11.155356 


— — —— mans 


Tang. 


Secant, 


—  — ſ—Ü— 


10. ooo 

I0.coobog 
IO0.0co616 
I0.0c0622 


— ee eo eat 
10 ocob29 


I9.Ccotg 
IO.Ccobgo 
IO.Coobg7 


IO,cookbg 
I0.008671 
10. ooo 
o. ooot 8; 
10.0co6gz 


o. oe 
10.0007cb6 
19. 000713 
10. 00721 
10.000728 


10,0007 7 
10.0C074 3 


10.0007 58 
10. 009765 


— 
02 


IC,coc636 


10.0007 50 


3 | 11.264646 


5 | 11.2356 


— 
11.278766 
11. 276% 
11.274075 
. 
| 1.269312 
11.266953 


11. 262351 
11.2 JI 
— 


11.2574 
14.2550 
11.2531 
11. 250045 
11. 24870 
11 246472 
1 1.24425) 
11.242045 
11.239800 
1.27766 


11. 35 
11.2311 
11. ꝛ250jc 
11.220890 


10.000773 


o. oco/7gʒ 


10. coc 11 
10.000818 
10.000826 
10.0C08 34 


| 


10 o 0832 


10. cc 898 


10. oc og 
O. co 39 
10,000047 


10.000073 
10.90c981 


io. ccoo 


1C.,0c0780 
10,00c783 


ro. oe z 


10 0 0842 


ro. ocoꝭ 
10,0008 58 
10.coc866 
10. 00174 


10. ooo 


10 ooo 
10,00C914 
10,00C023 


10.0c0g5;6 
| 10.£00964 


10,0090 
g 81 11.1692 


| Io. oc 1007 
Ana lat eds 


10.001015 
19.00 1024 
10.00 1033 
IO. 0c 1042 
10. 0 1050 


10. oo 10 59 
28 


11.2247% 
11,222667 
[1.220566 
11.218476 
11.216395 
11.214325 
T1.212264 
11,21021} 
11 213372 
11.206141 


——ů— —— 


11.204110 
11. 202106 
11. 20010 
11.198 1c% 
11. 1:6124 


———I——R—_—_— 


11.1411 
11.792101 
11,1002} 
11.188: 74 
11.186333 
2 


11. 18449 
11.182470 
11 1806 
11. 159657 
11. 1-6;be 
1 
11 10 
1117295 
11,1711 


12 
11.166500 
11.163703 
11,161370 
11.26 
11.1594: 
11.1 dale 

Secan!. 
A 


_— 


8 7 Degrees. 


86 Degrees. 


4 Degrees. 


* 1 5 Degrees. —— 
8 Sine Tang. Secant. Sine Tang. Secant. 
— ; 

00 17 Munrttkrd due , an es Ee EE! pgs, * 
< 18343784 9.998941 8 844644 [11.155356 10.Cc1059 156415 8.940296 9.998344 | $.94 1952 | 11 058048 | 10.001656 11.059704 | 60 
05 18.845387 | 9 998932 8.846455 11.153545 1c. 001068 11.154613 8.941738 9.998333 | 3.943404 1.056506. 001667 [11.058262 59 
26 2 8.847183 | 9.998923 | 8.848260 | 11.151740 | 10,001077 11.152817 8.943174 | 9.098322 | 8.944852 | 11.0;55148 — 11.256826 53 
by 41 8.848971 9.998914 ; 8 $5c056 | 11.149943 | 10.001086 | 11,151029 8.944606 9 958311 | 8.946295 | 11.053705 | 19.co1689 | 17, 055394 | 57 
n 4.385737 9-998905 | 8.851846} 429.125 2 50 413 9460331 9-958300 5.42734 | 11:052266} 10 001700} 11053996 | 56 
# 3852524 9.998896 8.853638 x1. 149372 | 10.001104 1105455 1.48855 9.858255 | 8.949168 | 11.050832 | 10 95172 J71.551728 | 55h 
q 8.854290 | 9+-999307 | 9-85540J | 11.144597 | 10.COLTI3 | It-145709 940574 | 9-C£95277 | $-950597 11.049403 10. 311.0511205. 
u 05 888040 9.998878 3.388475 11.142829 10.CO1122 11.143951 8.950287 | 9.999266 | 8.952021 | 11.047979 10.001734 | 1.049713 53 
41 $18.857801 | 9-998369 8 388896 11. 141068 fo. C 0113111. 142 199 8.951695 9992255 8.953441 11.046559 | 10.00i745 11.048304 | 52 
* 98.859946 9.998860 | 8.860686 | 11. 11.139314 1.114011. 149554 8.953100 9.998243 8.9548 5611.048144 10 C027 [11.690081 
4b, 10 8.861283 9.9 8851 9.86243 111 137 17567 10.001149 | 11.138717 8.954499 9.998432 8.95526) 11.043733 10.001768 11.045501 | 50 
10 u 8.863 149.9988418. 86417211. 135827 10.001159 | 11. 136986 955396 | 9.998220 | 8.957673 | 11.c42326 | 10.001780 11. 044 10649 
945 121 8.8647 38 0.998832 | $.865905 | 11.134294 10.001168 | 11.135262 8.957284 | 5.998209 8.288075 11. 4092 5 10.001791 11.042716 48 
703] 138.8664 549.9988238. 867632 11.132368 10.c01177 | 11.133545 8.958670 | 9.998197 | 8 960473 11 039527 | 10.001803 11.041330 | 47 
wal 14 8.868 105 9-9988138.86935 1011.132649 | 10.001186 | 11.131835 960052 9.598186 8.961866 11.038 134 10.001814| 11.039943 46} 
TH 15 8.859869 9.998804 8.871064 11. 128936 10. 00110611. 255132 8.961429 9. 998174 8.963254 11.036745 12.8180 11038571145 
065 16 8.871865 9.998795 | 8.872770 11127230 10. 001205 11.128435 8.90284 | 9.998 163 [5.964639 | 1.35381 1e.001937111.037199 44 
10 718.8732559. 958785 8.874469 11. 125831 10.001215 11.126745 8.964170 9. 9981518. 865019 11.033908 agate bang od 43} 
655 19 9854038 8 8.876162 11.123838 10.001224 11. 12 5062 8.965534 | 9.008139 | 8.967394 | 11.032606 | 10.cor861] 12,034466 | 42 
75 10 8.856615 9.998766 8.877849 | 11.122152 10.601234 11.123385 41 8.965893 9.998127 8.968766 11.031234 10.001822 $1.033107 | 41 
377) 20 8.878285 9.998757 [8.879529 11.13c47 1 | 10. 0012431711.121775 8968249 9.998116 8.970133 11.029867 10.001884 110317540 
1172 211 8.879949 | 9-998747 | 881202 | 11.118798 10. C0 125311. 120051 | $.969600 9.998104 [3 571456] 11.028504 10. 00 1896 11.030400 | 30 
* 228.88 1607 9.998747 [8.882869 11.117131 10.001262 11.118393 8.970947 9.998092 | 3.972855 11.027145 10.001908 1.029053 28 
yd 231 8.283253 | 9.998728 8.8845 185 11.115470 10.001222 11.116742 8.972289 | 9.998080 8.974209 | 11.025791 | 10. C019 20 11.027710 32 
477 24 9.884903 9.958718 8.8861 11.113815 10.001282| 11-115097 8.973628 9.998068 | 8. 97 5560 11.024440 | 10001932 11.026372 36 
106 25 8.886 542 9.998708 EET 11.112167 10.001292 | 11.113458 8.974962 |] 9.958056 $.976906 11. 023094 10.001944 11.025038 | 35 
C566 15 8 888174 | 9.998699 | 8.889476 | 11. 110524 10.001301 11.111825 8.976293 9.998044 8.978248 11.021752 10001956 11.023707 34 
Ut 27| 8.889801 | 9-99868g | 8.891112 | 11.108888 | 10.001311 | 11,110199 977619 | 9.998032 | 3.979586 [11.020413 10.001968 11.022381 | 33 
brgs :$18.891421 | 9.998679 | 8.892742 | 11.107258 10.001321 11.108579 9789419. 998020 1 11.019079 = —_ 2 2 
43 29 8.893035 9.998669 | 8.894366 | 11.105634 | 10.001331 11. 106965 8.9802 59 | 9.998008 EE 11.017749 | 10.Co1092] I, 2741 3! 
[2204 8.8946 9.998659 8.895984 11.104016 | 10.001341 | 11.105357 $.931573 | 9.997996 | 8.983577 | 11.016423 | 10-c02004 | 11.015427 | 30 
7. C 9.396243 9.998649 | 8 3.597596 11. 102404 | 10.001351 11.1047 54 8.982833 | 9.997 984 5.934399 e —— — 2 — 
wy 12 | 8.897842 | 9-998639 | 3.899203 | 11.1c0797 | 10.C01361 | 11.1e2158 8.984189 | 9.997972 17 11. 12783 — $08 _ 2 — — 
6141 3318.899432 9-998629 | 8.900803 | 11.099197 | 10.001371 | 11.100568 8.985491 | 9.997959 - 987532 11.0124 . — . 271 
aj 34 $.901017 9.998619 | 8.902398 | 11.097602 | 10.001381 | 11.098983 8.986789 9-997947 — 11. 2 R 4 013 26 
C210 8.90250 « 8609 8.903987 11.096017 | 10.001391| 11, 2 8.98808 997 OI 11.009851 | 10,c02065 | 11.011917 | 25 

4 35] £-902 59 5 | 9-998009 | 0.903907 90013 39 097404 9 3 | 9-29793$5| 2+ 990149 
ic z6 9974769 3.958583 8.505570 | 11. 094430 10.001401 11.095831 8.989374 | 9.997922 3991451 I 1.008 549 nw” . — = 
700 371 8.905736 | 9.998589 | 8.907147 2 10.001411 11.094264 990660 | 9, 997310 2-9927 50 I1.00725E = 2090 — 8334 — 
Lace 388.90 2979.998578 8.908719 | 11.091281 | 10.001422 | 11. 092702 $.991943 | 9-9978 385 8 99404511. — a $9445 cyt 53 = 
gene! 918928853 9.998568 8.9 10288[11 11.089715 10.001432 | 11.591146 «993222 | 9-997885 | $.995337 | 11-c0460; .002115 779 p2? 
— 40] 8.9 10404 9.998558 8.911846 11.888154 10.00 1442 11.089596 8.994497 9.997872 12 11. 11.063376 8 11.805853 jo 
88 7 4108.511949 9.998 5478.913401 11.086 59% 10.001452 11.088051 995768 | 9.997859 q 997908 11. — «p64 2 18 
86 4208.913488 9.998 5378.914951 11.8 5049 10.001463 11.086512 8.997036 9.997847 [8.999188 11. co 2 3 1 — 
10933 4308.915022 9.998 5278.916495 11.c83505 | 10. 0014731184978 8.998299 | 9.997835 | 9.0cog6s | 10.999535 | 10. 4 
4 48.5165 50 | 9.998516 | 8.918034 | 11.081965 10.001484 [11.0834 50 4418.999559 9.497822 | 9.001737 2D 10.998262 1.2178 11.000440 | 19 
19247 4 8.918073 9-998506 $.919567 | 11.c8cg.32 | 10.001494 | 11.081927 45 | 9.000816 | 9.997809 9.c03007 10.996993 10.002 1911 19.999184 | 15 
1550 468.9795911 9.998 494 8.621096 | 11.07 504 10.091505 | 11,080409 46 | 9.002069 | 9.997797 9. 00427210. 995728 Io #4 44! | 4 = 
1650 4718921103 9.9585 8.922619 11.077381 10.001515 [1.078897 47 8 9.997784 258352 4; 994400 Wo OP = 13 
* 4808.922610 9.998 — 8.924136 | 11.075864 10. 00152611. 927328 48 | 9.004563 | 9.997771 | 9.006792 | 10.9932 9 * — N 
ale 998.9241121 9.998464 | 8.925649 þ — 10,001536| 11, 11.0758 49 | 9-005505 85 9.008047 10.991953 | 10.002242 | 10-994 2 11 
mer 59} 8.925609 | 9.998453 | 8-927156 | 1172854 | 10.co1547 | 11.743970 75 50 | 9-007044 IE 9-997745 | 9009298 | 10.950792] 10.002255| 10.992956 | 10 
ys $118.927100 $44 bp 3.928658 11. c71 = I0.CO1G568 | 11-072900 9 51 |9.co8278 | 9.997732 9,010546 | 10. 989454 70. — 10.991722 
I 52 $.9285$7 9.998431 | 8.930155 11.c60845 | 10.001568 | 11.071413 52 | 9.009510 | 9.697719 | 9.011790 | 10. 2 10. — — 980285 
1 38.930563 | 9.998421 8.931647 | 11.068353 10.001579 | 11.069932] 7153.010737 9.997706 9.013031 10.9386969 | 10.002294 282 / 
. 448.9315440. 9.298410 | 8.933134 | 11.c66866 | 10.001590 11. 0638456] 6549.011962 9.927593 9-0142 = 18225 10.002307 | 10. 29s — 
2050 51.933515 9.998399 8.934616 11. C6538 17 O 1601 11.066985 5155 9.013182 9.997680 9.015502 10.984498 | 10. 00320 10 98˙ꝗ 5 
1 5b 5934487 9. 9683583 8.936093 11.063907 10.001672 11.065519 41569. 0144c0 9.997667 * 4 10. 842887 10. 002333 wa 92786 44 
"1582-6 8 q 235942 9.998377 8.937565 11. -oba435 10.001623 11-c64058]} 3Þ 57 4.528823 9.097654 9.017989 | 10. 21. 2 * _ . 3 
16h 5 358355 9.998366 | 8.939032 11.060968 | 10.001634 | 11. o626c2] 2K 5819.016824 9.997641 9.019183 10.980817 359 $4 4 44 - 
——| 2 933850| 9.998355 8.940494 11059506 10,001645| 11.06115;0f] 1159 —.— 9.997628 9.820403 | 10.979597 2 22885 
Secan! * 942296 9.998344 8.941952 11.8804 48 10.001656 ES _o 001 9.919235 £ «997614. | 9.021620 $9709 10.0023 207 5 = 
Sine Tang. Secant. | M Sine Tang hone 
85 Degrees. 2 5 84 4 Degrees. 
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A Table 


of Artificial Sines, Tangents and Secants, 


TLEUCTESLSES 


6 Degrees. 7 Degrees. 
5 Tang. Secant. E Sine Tang. | Secant, 
J © 0.021620 | 10.978380 10.c02386 10.980765 10 9-08 5394 9.996751 9.089 144 10.9108 56 10. 003249 10. 91410 
1 9.522834 | 10. 9777166 10. 002 399 10.979565 19.885922 | 9.996735 | 9.090187 10. 9098 13 10. 003265 10.9730) 
12 3| 9.02: 044 | 10.97 59 56 10.002412 10.978368 2 | 9.087947 | 9.956720 | 9.09 1228 10. 908772 to. coga 80 10. 912053 
= 9.025251 | 10.974749 | 19.002426 | 10.977175 | 3 |9.038970 | 9.996704. 9.092266 | 10.907734 | 10.003296 | 10.911036 
4 9.026455 10.973545 | 10-0024.39 | 10.97 5984 4 | 9-289990 | 9.996688 | 9.093302 | 10-506698 | 10003312 | 10.91001 
5 9.027655 | 10.972345 10. 002452 10:974797 5 | 9-091003 | 9.996673 | 9.094335 | 19-905664 | 10.003327 | 10.9 
6 9.028852 | 10.971148 | 10.002456 10. 973613 6 |9.092024 | 9.996657 | 9-095367 10.904633 | 10-c03343 | 10.907976 
7 9.03cc46 | 10.0609 c4 | 10,002479 | 10.972433 7 | 9.093037 9.996641 9.096396 | 10.503604 | 1. 003359 10.906963; 
8 9.031237 | 10. 968763 10.002493 1.971256 8 | 9.094047 | 9.996625 | 9.09 422 10.902578 10.003375 1.90953 
| 9 9.032425 | 10.967 575 19.002507 10.970082 9g | 9-035056 9.996610 9.098446 | 10.901 554 | 10.003390 10.904944 
9.0235cg | 19.966391 | 10,002520| 10.968911 9.096061 | 9.996594 | 9 099468] 19.500532 | 10,003406 | 10. 903938 
9.034791 | 10. 96 5209 10 002534 | 19.96774.3 9 097065 | 9 996578] 9.100487 | 10.599513 | 10.C03422 10 90293 
9.03<g6g | 1.964031 10.002548 10.966579 r 9.996 5629. 101 504 10 89849 | 10.0c3438 | 10. 90193 
9.037144 10.9628 56 10. co 56: 10.965417 9. oggoõ 59.996 5469.102519 10. 897481 10. 003454 10.90093; 
9.038316 10.961584 10. 002575 10. 9642 80 9. 100062 9.996 5309.103532 10. 896468 | 10 003470 10. 899938 
9. 03948510. 9651510 002589 | 10.963104 9 101055 {9-95,6514 | 9.104542 10.895458 | 10.c034836 | 10.598 
9.04c651 | 12-959 49 10.002603 10.961952 9. 102048 9.996498 | 9.105550 10. 894450 | 10.003 502 10.897952 
9 04.814 | 10-958187 | 10.c02617 | 19.960%0 9.103037 | 9-996;82| 9.106556 10. 89 344410. 003518 10.896963 
9.042973 10.9579 10.002631 10.956658 9.104025 9.956465 9.107559 | 1.892441 | 10.003534 | 70.895975 
9.044130 | 10 955870 | 12.002645 | 10.9585 15 9.105010 9.956449 9.108 560 10.891440 | 10.003 551 | 10. 894990 
9.045284 | 10.954716 | 19.002659 | 10.957375 0.195992 | 9-906433 | 9-109559 | 10.850441 | 10.C03567 | 10.8. geo) 
9.046434 | 10.953565 10.co267 3} 10.956238 9.16973 | 9-996417 | 9-110556 10.889444 | 10.c03583 | 10.89;027 
9.047582 10.952418 10. 02637 10 955135 9.19795 9. 9964009111551 10. 888449 10. 003600 10. S949 
9.048727 10.961273 19.Co2701 | 10.953074 9. 108927 9.986384 9.112543 10.887457 19.003616 10.891073 
9.648869] 10.950131 10 02715 | 10.952840 9.109991 9.966368] 9.113533 | 10.886467 10.003632 10.890099 6 
9.051008 10. 948092 10. 002720 10.951721 9.110373 9.9963511 9114521 10. 88 5479 10.003649 10.889 12) 
9.052144 | 10.0478 56 19.Cc274.3 | 19-950599 | 9.111942 | 9.996335] 9.115507 10. 88449310. 003665 10.888158 
9.053277 10.946723 lo. oc27 58 10. 94048 27 9.12909 9.996318 9.116491 | 10. 883 50 | 10.003682 10. 887101 
0.054407 | 10.945593 10 002772 10 643363 28 9.113774. 9963029 117472 10. 882 528 10.003698 10.886226 52 
0.255535 | 0.944465 10. co 2786 | 10.94.7251 214748 9.006285 9 118452 | 10.881548 10.003715 10.88 ab 
9.0 6679 10.943340 10.c02801 10 946141 30 [9.115638 9.996269 9.119429 10. 880571 10.003731 10 884302 
0.057781 | 10.942219 10.C02815 | 10. 94 5034 | 9.116656 | 9.9662<2 | 9.120404. | 10.879 506 10.003748 10. 883344 
9.953co0 | 10.464 T1co | To. oo 2830 10.943929 9.117612 |[9.996235} 9.121377 10.878623 10. 003765 10.882387 
9.c60016 | 10. 3984 10.092544 10.842828 ( '9.11$567 | 9.996218] 9.122348 10.8776 5210.003781 — 
9. tf 1130 10. 938870 10.c02859 | 10.941729 34 ,9-119519 [9-9962c2| 9.123317 10. 876683 10.003789 10. 880451 
9.062240 | 10.927760 10.0c 2873 | 10. 940533 35 | 9.120469 | 9.90618: 9.724284 | 10875716 10.603875 10.879312) 
9.c63343 10.936552 10. coa888 10. 90305 f 36 0.121417 [9-56616819-125249 00.0747 51 10.003842 | 10.878593124 
9.864453 10.9255 7 I2.co2g02 | 10.938449 37 9.122362 999615119 726201 10. 873789 10.003849 10.877038 U 
9 06556 19.934444 10. C0 291710 937367 38 9.123306 9.996134 9.127172 10. 872828 10.003866 10. 876694 22 
9. 06065510. 333345 10.002932 10.936276 | 39 9.124248 [9.996117 9.728130 10. 871870 10. 00388 3 10.875752]2 
9.057752 | 10.932218 10. o 946 10.935194 40 9.125187 9.996100 9. 129087 10.870913 | 10.0039co 10. 8748130 
9.068846 | 10.931153 10.002951 10.934115 41 L. 1261259 99608319 130041 10. 8690 50 10.003917 10.873875 10 
9.069938 | 10.930062 | 10.cc2976 10. 93 3018 142 9.127060 9.996066 9. 130994 10. 859006 tro. 03934 10. 872949 iv 
9.071027 | 10.9286 3 10.co2.901 | 10.931064 143 9-127993 [9-996c49]9-131944 10. 868056 10.003951 | 10.872007] !] 
9.072113 | 19-g27827 | 10.0030c6 10.930893 44 9128925 [9.996032 | 9.132893 | 10.867100 10. 9386810 87107601 
& | 9.073197 10.926803; 10.c0;021 | 10.929824 46 9.12c854 9.906 159 133839 10. 8661611. 003985 10.870146 1 
9 074273 4 10.925722 10.c03036 10. 287581446 9.139781 9.99 898 [9.124784 | 10.865216 10.004c02 10.869219 14 
9 075356 10.924644 10 co O51 12 927694 47 9.131706 9.895480 [9135726 10. 864274 | 10.c04020 | 10.868294] 1] 
9.076432 | 19923568 | 10.cog066 | 10 926634 48 9.132630 9.995963 [9.136666 | 10.863332 | 10.c04037 10. 867370 l 
9.077505 10. 9224 50 | 10,003081 10.925576 49 9.133551 9.995946 9. 137605 10. 862395 10.004054 10. 8664400 U 
9.078576 10.92 1424 10000096 10.924520 10 50 9.134420 9.99 5928 [9.133542 10.86 14 58 | 10.004072 | 10.86:530| 
9.07c644 | 19.520356 | 10.003111 10.923467 9.138387 [9.995911 [9.139476 | 10860524 | 10,004089 10.864912 ; 
9 070710 | No.9 1929010. c % 3126 10.922417 9 52 9.136303 9.995894 [9.147409 WINES 10.c04106 10.843637 
9 081774 | 12.918227 | 10.003142 10.921369] 7152 6137216 9.955876 9-141340 10.353660 10.004124 10.862784 | 
9 082834 10.917167 10.co3157 10.920324 6 54 8.138 127 9.995859 9.142209 | 10 357731 10.004141 10 88.2 - 
9. 083891 10.916109 | 10,c03172}[10.61:281} 5ff 55 9-139037 9 995341 [9.143196 | 10.8 56804 | 10.0241 59 10. 860963 ' 
0.084947 | 10.915053 | 10. 003187 10.918241] 4456 9.139904 9.995324 [9.144121 10.355879 [10 004.176 10. 860055 
9. ot So io. 9 14000 10. co3203 10.917203 3057 9. 1408 50 9.995806 19.14.5044 10. 8 54956 10. oo 194 10 6 
. dos 10.972950 10.3218 10.916168] 2158 9.141754 9.995738 [o. 1460065 10.854034 10. 0042 12 10.858824 | 
9.c88c98 | 1-.611502 10.003231 10 915336] 179 9.142655 [0.905770 [0.146885 | 10.552115 10.004229 1087775 f 
9 085144 10 010856 10.003249 | 10.914105] 60 9.143555] 9+99575319 14.78c2 | 19,852 197 | ro. 44 10.950445 7 
Targ, © | Serant. I M JJ Ls Tang. Seen. 1. 
83 Degrees. 92 Degrees. 


A Table of Artificial Sines, Tangents and Secants. 55 


8 Degrees. 9 Degrees. 

Sine Tang. Secant. 8 Sine Tang. Secant, 

2 a 2 

19.143555 | 9-995753 9.147802 10.882297 10. 04 247 | 10. 856445 601 © 9.794732 9,994620 9.199712 10.80. 287 | 10,0c53t0 15.0 5% 60 
119.1444531 9995735 9.148718 10.851282 10. 004265 | 10.855547 | 5 19.195129 9.994600 | 9. 200529 [10.799421 10.005400 f io. 804871 59 
29.145349 | 9995717 9.149632 | 10.850368 | 10.c04283 | 10.854651] 5 29.195925 9.994590 9.201345 10.798655 | 10.C05420 10.804075 | 58 
31 9-140243 9.995699 | 9.150544 | 10.849456 | 20,004.301 10.852885 571 39.196719 9.994560 | 9.202159 [10.7784 110. 00544010. 803231 57 
4 9.147130 9.9956 19.151454 10. 848 546 10.004318 10. 852864 56 _4 [9-197 511] 9-994540 | 9-202971 |10.797029 10.00 54bo 10.802489 56 
5 9, 148026 9.995663 [9.152363 | 10.847637 | 10 004336 | 10.851924 | 55 ö 9.198302 9.994519 9.203782 10.796212 10. 005481 E 55 
13 9.148915 | 9+995040 | 9.153269 | 10.846231 | 10.004354 0250008 54 9.199091 | 9.994499 | 9.204592 10.795408 | 10.c0550T | 10.8cc95449 54 
7 | 9.149801 9.995628 | 9.154174 | 10.845826 10.004372 | 10.8 50198531 79.199879 9.994479 9. 205400 |10.794600 | 10 005521 | 10.8c0121} 53 
$ [9.150686 | 9-9956cg [9.155077 | 10.844923 | 10.00435a | 10.849314 | 52 89.200666 9.9944 59 | 9.206207 10.793703 | 10.005541 p10.79 3331 52 
g|9-151569 | 9:995597 | 9-155978 | 10.844022 | x2.004408 | 10 84343r | ery 9 19:201451 1 9.994435 | 9:207013 110.762587 | 16.005502 [10799519 | 5! 
1019.152451 | 9+995573 9.156887 | 10.843123 | 10.004427 | 10. 847 549 50110 [9.202234 |] 9.994418 9.207816 10.792183 to. oc 5881 10.792765 50 
1119.153330 | 9+ 9955551 9-157775 10. 842225 |10.004445 | 10. 84657049 Þ] 11 [9.203017 | 9.994397 9.208619 10.791381 10.005bo0z 10.796983 4 
12 9.154208 9,9955379. 158621 10. 3841329 | 10.c04463 | 10. 845792 [48 12 9.203797 9.994377 | 9-209420 | 10.790580 to. oo 562310. 79620314 


12 . 


139.1455083 9-995519 | 9-1 9565 | 10. 840435 | 10 004481 | 10.844917 [47J 13 [9.204577 | 9-994 357 | 9-21C220 10. 789780 10. 05643 10.792423 47 
1419-155957 | 9995500 | 9.160457 10.839543 | 19.004499 10. 84404346114 9.205354 9-994.336 9.211018 10. 788982 10.005664 j10.794t45 [46 
15 | 9.156830] 9-995482 9.161347 | 10 838653 | 20.004518 | 10.843170 [45 15 [9.206131] 9.994316 | 9.211815 2.788185 10. co 5684 10.793869 {45} 
16 9.157700 9.995464 | 9.162236 | 10. 837764 10.004536 10.842 3004416 9.206906 9.994295 | 9.212611 [10.787389 10.00 5705 10. 79 3094 
179.158 5699.99 54459 163123 10.836877 10. 4554 2. 43172 9% 202679 9-994274 | 9-21 340 10.786595 | 10.005723 10.792320 [43 
1$19-159435 9.995427 9.164008 10.835992 |10.004573 | 10.840565 [42 18 [9.208452 | 9.994254 | 9.214198 | 10.7858c2 f 1c,cog746 10.791548 | 42 


BC MET LYN RTE HOY 


[ 
4+; 
| 
4 
5 
1 
Pt 

[ 


19 | 9.160300 | 9-995409 9.164802 10.835108 | 10.004591 | 10.830699 [4.1 19 9.209222 | 9.994233 9.214989 10.785011 | 10.c05767 [10.7c0778 | 41 
20 9.761164 9-995390 | 9.165774 | 10.834226 | 10.004610 | 10. 83883640 20 [9.209992 | 9.994212 [9.215779 10. 784 20 10.005788 | 10.790c08 | 40 


21 | 9.162025 | 9-995372 | 9.166654 | 10.833346 10.004628 10.837974 3a] 2x 9.210760 9.994191 [9.216568 | 10.783432 | 10.005809 j 10. 789240 39 
229. 16288 59.995353 9.167532 | 10. 832468 | 10.004647 | 10.837115 338 22 19-211526|9.9c417119.217356 2 10.005829 10.788474 38 
12; [9.163743 | 9.995334 | 9168499 | 10. 83159 | 10.004665 | 10.836257 3212392122911 9.994 1509.218142 10.278185 10. oo 58 50 10.787709 | 3 
24 [9.164600 | 9.995316 | 9.169284 | 10.8 30716 10.004684 | 10. 83 540036249 21305 5 9.994129 | 9.218926 | 10. 781074 19.C05871 10.786045 | 30} 


— — "= —ũh—— 7 — — —ẽ — 1, f— — (T—¼ 


2609.165454 9.99 52979. 170157 10. 829843 | 10.004703 10. 834546 351259213818 9.994108 {9.215710 10. 789 10.co 892 10.785182 | 35 
26 | 9.166407 | 9.995278 9.171029 | 10.828971 | 10.004741 | 10.833593 34126 9.214579 9.994087 [9.220492 10.770 50810. oc 5 13 20.78 ;437 34 
79.867150 | 9.995260 | 9.171899 | 10.828 101 | 10.004740 | 10. 83284134127 [9.213389 994066 | 9.221272 | 10.778728 | 10.c05934 | 10.784662 
23 [9.163008 | 0.995241 | 9.172767 | 10. 382223310. 04759 10 8319923228 [9-216c971 9-994045 Lacge<a 10.777943 | 10.co5955 [0.782903 32 
29 [9.163856 | 9.995222 | 0.173634 10.826388 10. 04778 10. 831144371129 [e. 216854 9-994e24 | 9.222830 10.777170 10. ac 59760 78314631 
309. 169702 9.995203 9.174499 | 10.f25501 | 10.004797 | 10.830298 | 30 30 [9.217609 9.994003 | 9 223506 10. 776393 0. ogg 10.782 301 30 
3109.170546 | 9.995184 | 9.175362 | 10. 824638 [10.004816 10. 82045329131 3.375777 9.993981 9.224328 [10.775618 10. co 5018 10.78 163529 
9.171339 9.995165 9.176224 | 10. 823776 10.004835 10. 828611128132 [921911 9.993060 [C. 225156 10.774944] 10.cc6040 j 10.780884 28 
339.1722 30 9.995146 9.177084 | 1c. 822916 10. 0048 54 10. 8277692733 [9.219868 9.993939 9.225929 } 19.774071 | 10.cobr br j 1. 78012222] 
48.173070 | 9.995127 | 9.777942 10.822057 | 10.004873 | 10.826930 26134 9220618 9.99391 9. 2267 10.773300 10 oc EoS2 10.229282 26 
359. 73908 | 9.595108 | 9.178799 | 10. 52 1201 10.0c4892 | 10. 820092 | 25 || 25 [9221367] 9-2933g6 | 5.227471 | 10.77252 [c. oog. 77862325 
36 [9-174744 | 9-995089 9." 79055 10. 820345 |10.co04911 } 10.82 5256 241369222115 9-993875 9.228239 10 771, 6: fo. co 510.7788524 
37 19-175578 | 9.995070] 9.18008 10 19498 ro. 04930 10.224422 | 23} 37 [9-222863] 9-9938 54 | 9-22;co7 | 10.770997 | 10. 0614610777129 23 
3319.176411 | 9.995051] 9.181360 10.3 18640 | 10. 004940 10. 823589 | 22} 38 [9-223606] 9-993® 32 | 9.229773 j10.770226| 10.cob1t3 j10.776304 122% 
139 9.177242 9.995032 | 9.182211 | 10.8177$9 | 10004968 10.822757 210 39 9.224349 9.c93817 [9.230539 | 10-769461 | 10. C06 89 10.725850 
$4019.178072 9.995013 9. 183059 10.816940 10.004987 | 10. 821928 [2040 [9.225092 9.283759 9.231302 10.768698 10 006211 | 10.7 4908420 
49.178900 | 9.994993 | 9.183907 | 10.8 16093 10.005007 10 82110019 1419.225833 9.993768 | 9.232065 10.767935 10. 0062 32 10. 77416719 
142 (9-179726 | 9. 994974 9.184752 10.815247 | 10.c05026 10. 8202731842 [922657 9.993746 [9 232826 10.767174 10. 0062 54 10.773427 | 15 
69.180551 9-994955] 9.135597 10.814473 10.095045 | 10. 8 164897243 9.22731119˙993725 9.233586 [10.7664 14 r0.co6275 10.772689 78 
49.187374 99949359. 186439 10.873561 15.005065 | x0 81862616 449.2280481 9.06 3703 9.234345 [10 76 655 10.0c6297 | 10.771952 76 
45319-182196 9.9949 169. 187280 1c. 8 12720 10. 0 5084 10. 8179041547 19 228784 9.99368 19.235103 10.764897 10. 00631910. 771215 123 
46 9.183016 9.994396 9 188120 r0.811380-| 10.005 104 10. 8169847446 9.229518 | 9.993660 9.238859 [10.764141 | 10.cc6340} 10,7 0481 | 14 
(19133834 | 9.994877 | 9.138957} x0.$11042 | T0.005124 10.816166 14 | 47 [9.230252 1 9:993638 | 9.236614 [10.763386 10.006362 | 10.769748 | 13h 
(9 [9.134651 9.9948 57 9.18979 5 10.8 10206 fro. 005143 [70.815349 | 12 848 9.230048 7.993616 9.237368 10.762622 1000638410. 76001612 
9 9485466 9.954838 9.190629 10.809371 10.00<r62 10.814533 11 49 9 231714 9.223594 9.238120 10. 761880 10. 0696 10. 76828 f 11 


9.186280 9.9948 18 9.191462 |-10,90$:38 | 10.cog182 | 70.873720 [1 ff 50 [9-272444 | ·993572 9.238872 [10.761128 10. 00 6428 f10.767556 | 10 
Jl 9.187092 | 9.994798 9.192294 10.807706 | 10.005201 10.812008 15119-23317219˙9 53559 9.239622 10.7 078 10,0c64.50 | 10.766828 
29.787903 9.994779 9.193124 10. 806876 10,00:221 10. 8 1200 $2 9.233809 9.903 528 [9.240371 | 10.759629 | 10.006471 | o. 766101 
39.188712. 9.994759 9. 193923 10. 806047 | T0.co;241 10.8 11288 83 92346259. 93506 9.241118 10. 758881 10.006493 10.765375 
9 289519 9.994739 9. 194780 10 80 220 10 0052671 | 10. 8 10480 54 | 9-235349 9.993484 9.241365 10.258135 10. oc 651610764651 
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19.482525 


19-484 
[5.485632 


— 
Line 


9'465935 
9.460345 
9-466761 
9.467173 
9.467535 
9.467990 
9.463407 
9.468817 
9.499227 
9-409637 
9.470046 
9-470455 
9. 478 
9471271 


9.472898 
9.473394 
9-473710 
9-474115 
9-4745 1— 
9.474923 
3255.7 
9-475730 
9 476133, 
9-476536 


9 477340 


9478142 
9478542 
9478942 
9•479342 
9479741 


9 9 480 140 
9.480538 


9. 450937 
9.48 1334 
9.431731 
9. 9.482128 


9.482921 
9.483316 
9483712 12 
9.484107 
9-424 On 


9.48 85289 


94860759 
9.486467 
9.486850 
9.487251 
9.487643 
6. 6.488033 
9.435424 
9.488814 
9.439204 
9-489 593 
9 409982 


9.980 6 
4 980558 
9 93053 
9.980480 
98844 
9585465 
9- EA 
Jt 8 
9.980247 
9. 9.980208 


9. 980169 
9.980 
9.9809 
9. 9.980052 


9 . 9-486242 


130 '9- 490733 


9. 5.980012 


9.979973 
9.979934 
9. 979895 
9-979855 


9.979816 
9.979776 
9.979737 
9.979697 
9.979059 
9.979618 
9.979578 
9.979539 
9.979499 
9.979459 


9.979419 
9.979380 
9.979 340 
9.979390 
9-9 979260 
9.979220 
9.979150 
9.979140 
9.979100 
9.279859 
9.979019 
9.978979 
9.978939 
9. 978898 
9.978858 


9.49340 


Tang. 4 


9. 5485539 
9485791 


9.486693 
2.487143 
9-489 593 
9- 488043 
9.488492 
9.438941 
2.489390 


9499838 
9.490286 


, 


9.491 185 
9.41627 


9492073 
9.492519 
9 492965} 


9-4935 54 
9-494299 
9:49474.3 
9.495186 
9495630 
9.496073 
9.499515 
9-490957 
9-497 399 


9.497841 
9498282 


9.498722 
9 499163 


9.499603 
9.500042 


10. 5 10.514661 
10. 7 

10 51375 

10.513307 


10 512857 


10.512407 
10.511965 
10 511508 


10. 511059 


10. 0 10690 


10.510162 


19.509714 
10. 509267 
10. 508820 


10. 508373 


10. 50%927 


10. 507481 


1e 
Io 506 590 
10. 2.80145 
10. 5c 505701 
10. 505257 
10. 504813 
10. 04370 
10. 30. 403927 
10. 503485 
10. 50 3043 
10. 502601 
10. 50215 

10. 50171 

10. 50 1278 
10. 5008 37 


10. 500397 
10.499958 
1499519 


9-50048 1 
9. 500920 
9- 501359 
9+ 591797 
9.582235 
9. 02672 


70. 499080 
10.498641 
10.498203 
10. 49776 
10.497 32 


9. 503 tog 
9.503 545 
9.503982 

9.504418 
9.504 8 54 


10.496891 
10. 436818 
10.49601 

10.495584 
10.495 146 


9.978817 
9. 278777 
9.978736 
9.978696 
9.978655 


9.978615 
4 978574 
9.978533 
9.978493 
9.978452 
9.978471 
9. 978370 
9.97832 
9-97828 
9.978247 


9.507450 


9.505289 
9.505724 
9 506159 
9.506593 
9.507027 


10.494711 
10.494296 
10.493841 
10. 493407 
10492923 


9.50789 
9.50832 
9.5087 59 
9.509191 
9. 509622 
9510054 
9.510485 
9.510916 
4 511346 
9501776 


10.492540 
10.492107 
10.491674 
10.491241 
19.490309 


10.4 10.490378 
10. 489946 


10. 489515 
10 489084 
10. 488654 
10. 488224 


9.978206 
Sine 


10.019442 
10. 019487 


19.019714 


10.020941 


Sant. 


10 019404 


10.019520 
10 019578 


10 019592 
10.019636 
10 015675 


1.19283 
10.019792 
10.019831 
10.019870 
10. 01990 

10 01994 

10. 10.019988 
10.202 

lo oꝛcoõõ 
lo. oa 105 
10.020145 


10. 020184 
10.020224 
to 020263 
10.020303 
10.020342 


10.020382 
10 o 20421 
10.020461 
10,020G01 
10.02054 1 


10,020 580 
10.020620 
10.020660 
10.020700 
I0.020740 


10,020780 
10.020820 
10.020860 
I0.020900 


10.020981 
10.02 1021 
10. 02 1061 
o. oa 1102 
10.021142 


10.021132 
10.021223 
10.021263 
to. oa 1304 
19021345 
190.02 10.021386 
10.02 1426 
19.02 14.67 
I9.021507 
10.021548 
10.021589 
10.021630 
10.02 1671 
IO.C21712 
10,021753 
10.021794 


— ——_ 
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10 533239 
10. 532827 
10 0 5324'S 
10. 532004 
10 f31593 
10.531183 
10.530773 
10. 5 30363 


10. 539954 
19.539545 
10.52 137 
10. 528729 


10.553652 


10.878857 


10. 527508 
10. 527101 
10. 526696 
10. 526290 
Io 525885 
10. 52 5481 
10.525077 
10. 524673 
10. 524270 
10. 523867 
1.523464 
10. 523062 
10. 522660 
10. 522259 
10. 5218 58 
10. 521458 
10. 521058 
10. 520658 
10. 5202 59 
IO. 519860 
10. 519461 


10.51 666 
10. 518268 
10. 517872 
10.517475 
10.517079 
10. 51668 

10. 876289 


10.5 15893 
10.515499 
10. 515105 
10. 514711 
10.514318 


10. 51392 5 
10.513537 
10. 5 13140 
10. 5 12749 
10512357 
10. 511966 
10.511576 
10.511186 
10. 510796 
10. 51040 
10. 5 100 8 
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of Artificial Sines, Tangents and Secants. 
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— 3 = An [> ws * — «| 


19.4505 
| 9:4953Þ® 


i 9.497032 


18 Degrees. 


Sine, 


9489982 
9-499371 
9-4997 59 
9.491147 
3:491534 
9.491922 
9.492303 
9.49269 5 
9.493081 
9.49345 
9.493851 
9.4942 39 
9.404020 


9.403772 
9.490154 
9.496537 
9 496919 


9:49/J-3| 


9.9782Cv | 


9.978165 
9.978124 
9.978083 
A2 
9.978001 
9.977959 
9.977913 
9.977877 
9977333 
9.977794 
9977752 
9-977711 
9.977669 
9.977628 
9.97753 
9.977544 
9.97755 
9.977401 
9-977419 


| 


9.493253 
9498444 

9.498824 
47981 
9499584 


9.500342 
9.500721 


9.501476 
9.501854 
9.502231 
9.502607 
9.502984 


9 
wy 
O 
1 
2 
U 
7 


9- 510434 
9. 5 10803 


9499903 


9.501099: 


9-977377 


9977335 


9.977293 
9.977251 
9 97729 
9.977107 
9.977125 
9• 977083 
9.077041 
9 97099!) 
9.976957 
9.976914 
9.970872 
9.976830 
9.976787 
9.976745 


5 | 9.976702 


9 976066 
9.976617 
9979574 


24 19.970532 
9.978489 


9.976446 
9.976404 
9.976361 
9.979318 
9.970275 
9.970232 
9.979189 


| 
| 


)-508585 [9-970140 


97610 
Stole 
9.976017 
9-975974 
9-975939 


9.511772 
99.511540 
9.511907 | 
31273 
3 


9.97 5837 

9.97 5544 

9.97 5800 

9.975757 

9.975713 

22256709 
E 


ine. 


Tang. | 


9.51177: 
9.512206 
9.512635 
9.513904 


9.513921 
J-514349 
9.514777 
9513204 
9.515057 
9.510484 
9.516910 
9.517335 
9.517701 


9:513493- 


10.488 224 
10.487794 
10.487365 
10.486936 
10.486 50% 


Secant. 


10.021794 
10.021835 


10.021870 


to. oa 19 17 
10.021958 


10. 486079 
10. 48 5651 
10.48 $223 
19.48479 

10. 484369 
10.45 3942 
10. 4835 16 
10. 48 3090 
10.482665 
10.482239 


9.518185 
9.518610 
92519034 
9.519458 
9.519882 
95520305 
9.524728 
9.321151 
9.521573 
9.522477 
9.522838 
9.523259 
9.523579 
9. 324100 


10.481814 
10. 481390 
10. 480966 
10.480542 
10.480118 
10.479695 
10.479272 
10.478349 
10.478427 
10.478002 


10.477 583 


10.477162 


10.476741 
10. 476320 
10. 47 5900 


9.524520 
9.524939 


9.525778 
9.526197 
9.526615 
9.527033 
9.527451 
9.527863 
9 52823 


99.525359 


10.4.7 5480 
10.47 5060 
10.474641 
10.474222 
10.47 3803 


10.473385 
10. 472967 
19.472549 
10.472132 


10.471715 


9.528702 
9.529119 
9.529335 
9.5299 59 
9.530366 
9.530781 
9.531196 
9.531611 
9.532025 
9.532439 
9.532853 
9.533266 
9.533679 
9. 534092 
9+ 534504 
9.534916 
9.535328 
9.535739 
9.5 36150 
9.536561 
9.536977 


19.471298 
10.470881 
10 470465 
10.47 049 
10.4696 34 
10.469219 
10.468804 
10.468 389 
10.467975 
10.467561 
10.467147 
10.4667 34 
10.466321 
19.4059 8 
10.465496 
10. 46 5084 
10.464672 
10.464261 
10.463849 
10.463439 
10. 463028 
Tang. 


ro. oa 1999 
10 022041 
— 
10.022123 
10 022165 


10.022206 
10.022248 
10.022289 


10.022331 


10.022372 
10.022414 
10. 0224 56 
10. 022497 
10.022 5 39 
10.022 581 


10.022623 
10.022665 
to. 22707 
10.022748 
10.022 790 


10.622833 
to. 922875 
10. 022917 
10. o2⁊ 95g 
10.023001 


10.023043 
Io. oz 2086 
10.023128 
10. 23170 
10.023213 


10.023255 
10. 02 3298 
10. 02 3340 
10.023383 
10.02 342 5 


10.02 3468 
10.023511 
10.023554 
10.023596 
10.023639 
10.02 3682 
10-023725 
10. 023768 
10.023811 
10.023854 
10. 0238 97 
10.023940 
10. 02398 

10. 02402 

10.024070 


1 0.024 11 
10.0241 5 
10.024200 


19.024243 
10.024287 


10.024330 


SR 


— — 


10. 5 10018 
to. 50962 9 
10. 509241 
10. 500853 
10. 50846 5 
10. 50807 
10. 507692 
10. 50% 30 5 
to. 506919 
10. 5065 34. 
10. 506149 
10. 505764 
10.505379 
10. 504995 
ro. 50461 
10. 504228 
1.83885 
10.5 % 3403 
o. 50 308 ; 
10. 502699 


10. 502318 
10. 501936 
10. 501556 
10. 5011 75 
10. 590795 
10. 500416 
10. 500037 
10. 499658 
10.499279 
10. 498901 
10. 498 524 
10.498146 
10. 497769 


10.497392 
10.497016 


10. 496640 
10. 49626 
10.495889 
10.495515 
1.495140 
ro. 494766 
10.494392 
10.494019 
10.493640 


10.493223 


10.492902 
10.492529 
10-492157 
10.491786 
10.491415 
10.491044 
10.490674 
10. 490 304 
10.489935 


10. 489566 


— — — 


10.48 197 
10.488828 
10.488460 
10. 188093 
10.737775 
10.487355 


Secant, 


CY 


10 


Slo bel 000 


0 lee ou 


Sine. 


9.511642 
9.513009 
9.513375 
9513741 
9.314102 
9-5 14472 
9.514537 
9.515202 
9 515566 
9.515930 
9. 516294 
9.516657 
9.517020 
9.517382 
257745 
9.518107 
9.518468 
9.518829 
9-519190 
88 
96519911 
9.520271 
y 320031 
9.520990 
232410349 
9.521707 
9.522066 
9.522427 
9.522781 
2.823138 
9.523495 
9.523852 
9.524208 
2.524564 
9.524920 
9.525275 
9 525630 


9-327490 


9.97 5670 
9.975626 
9.975583 
9.975539 
9975490 
9.975452 
9-97 5498 
9.975305 
9.975321 
9.975277 


9.975-33 
9-975189 
9.97 5145 
9.975101 
9.975057 
9.975013 
9. 974969 
9.974925 
9 974885 
9: 974836 
9.974792 
9.974747 
94974703 
9-974659 
9 974614 
9.974570 
9.974525 
9.97481 
9.974436 
2271391 
9.974347 
9.974302 
9.974257 
9.974212 
9.974167 
9.974122 
9.974077 
9.974032 


19.973587 


9.973942 
9.973897 
9.973852 
9.973807 
9.973761 


7 9.973716 


Tang. 


9.536972 
9.537382 
9 532792 
9.538202 
9.538611 
9.539220 
9.55 9429 
9- 539937 
9- 54 2245 
9540053 
9. 541061 
9.541468 
9.541875 
9.542281 
9.542688 


9.543094 
9.543499 
9.543905 
9 54431 
9544715 
9-545119 
9+ 545524 


9.547138 
9. 54.7540 
9.547943 
9.545345 
9: 545747 
9.549149 
9.549550 
9.549951 
9.550352 
9550752 
99.551152 
9ꝙ 551552 
9.551952 
9.552351 
235228 
9.553149 
9.553548 
9.553946 


9.554741 


95554344 


I g Degrees. 


10.463028 


| 


þ 


10.462618 
10. 462208 
10.461 795 
10.461389 


10 466980 
10.460571 
10. 460103 
10.459755 
10.459347 


10.458939 
10.458532 
10.458125 
10.457719 
10.457 312 
10.456906 
10.456501 
10. 456093 
10.455695 
10.455285 
10.454881 
10.454470 
10.454072 
10.453669 
10.453265 
10.452802 


10.452459 
10.452057 
10.451655 
12481253 
10.4508 5 1 
10. 450450 
10.450049 
10.449648 
1.449248 
10.448847 
10.448448 
10.448048 
10. 447649 
10,4472 5v 
10.446851 
10.4464 52 
10. 446054 
10. 445650 
10.4 45258 


9.973671 
9.973625 
9.973580 


029 


9-9734 


9.532312 
9 5. 
9.533009 
9.533357 
9.533794 
9-5 34052 


— — 


2.272443 
9·97339 
9-97 335% 
9973307 
9:97 3201 
9.973215 
9.973169 
9997312 
9:97 397 


3.272536 


99739 


— Ü — — 


Sine 


9.555139 
9.555536 
9.555933 
9.550329 
.. 58228 
9.557121 
9.557517 
9.557912 
9.558308 
9:558702 
9. 559097 
9.559491 
2.589858 
9.500279 
9.560673 
9.561066 


L 


10.444801 
10444464 
10. 544967 
10.443671 
10.44 3274 
10.442879 
10.442483 
10.442087 
10. 441692 
10.441297 
10.440903 
10. 440509 
10.440115 
10439721 
10.439327 
10. 438934 
Tang. 


10.024330 
10.024373 
10.024417 
10. 02446 
10. oa 504 
10.024548 
10. 024592 
[0,024 35 
10.024679 
10-024723 
10.024767 
10.024811 
10,0248 55 
10.024899 
10. 024943 
10.524987 
10.025031 
10. oz 507 5 
10.025120 
19. o25 164 


10. oa 28 


19.025252 
10.02 5297 
10.025341 
10. oa 5386 
10.025430 
£0.025475 
10. 025519 
10. 02 5 564 
10.02 5609 


10,0256 
10.022608 
I0,02 574 
I0.02578 
10. oa 5833 
10. o2 5873 
10. 02592 3 
10.02 596 
10,02601 
10. oꝛ 605 


10. 02610 
10,026 148 
I0,02619 
10,0262 
10.0000 
10,026329 
10.026374 
10.026420 
10.026466 5 
10.026511 
10.0265 56 
10.026602 
10. 026648 
10.026693 
10.026739 


10.026785 
10.026831 
10. 02 6876 
10.026922 
10.026963 
10 027014 


10.482618 
10.482255 


— 
10.481893 
10481552 
10.481170 
10. 4808 10 
ort 
10.480u8g 
10-479729 
10.479369 
10. 47901⁰ 
1.478651 
10.478293 
10.477934 
10. 477576 


10.477219 
10.476862 


10.476 50 
10.4761 


10.475792 


10.474725 
10.474370 
10.474016 
10*473661 
10.4735 
10.472974 
10. 472600 
10.472247 
10.471895 
10.471542 
10.471190 
10470039 
10. 4704s 
10.470136 
10.469785 
10-409435 
ey” 5 
10.4007 

10 £68486 
10.468036 
10.467688 
10.467339 
10.466991 
10.466643 
10.466296 
10.465948 
— 5. 
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9 


* 


9.535783 
338125 


53674 


9.972986 


9.972 

9.9720 94 
9. 97280 48 
9. 972802 02 


9.567066 


1 


9.561459 
9.561851 


6 
2 20 


9.972755 
9.972709 
9.972663 


819.9726177 


22822 
9.972 524 
9.972477 
9.972431 
9.972384 
9.972338 


7 9.543310 
23] 9.5436 


$719-559026 


89.5503 59 
202.0692 


— 
5 9.552680 
56 9.553010 


99.554000 


9.554329 


8 


9.972291 
9.97224 


27 1 997219 


9.972151 
9.922105 
9.972058 
9.972011 
9.97964 


9457 1917 


9.971970 
9.97182 
9.97177 
9-971729 
9.971681 


829.9715235 


9.971588 
9.971540 
9.971493 
9.97144 

9.971398 
9.971351 
9. 271259 
9.97125 

9.971208 
9.971161 


9.971113 
9:97 1065 
9.97101 
9.970970 
9.970922” 
9970374 
9.97082 
9.970779 
9. 970731 
9.570683 
9-970635 519 
9.97058 
9.970538 
9.970490 
2209442 


9-970394 
9.980345 
9-970297 
9.970249 
9:970200 
9.970152 


Sine 


”_ 


1 9+577341 


| 


9.828104 


9.563028 
9 503419 
9.56381 

9. 2 408 
9.504592 
9.504983 
9. 505373 
9.555763 
9. 566577 
9.566542 
9.566932 
9.567320 
9.567709 


9.568097 
9. 568486 


9.568873 
9.569261 
9.569648 
9.570035 
9-570422 
9.550809 
9. 271437 
9.571581 


9.571967 | 


9-572352 
9.572738 
9.573123 
9.573 507 
9.573892 
9.574276 
9- 574660 
9.575044 
9.575 79 
9.57 

9.57 197 
9.576576 
9.5769 58 


9.577723 


9.578486 
9.578867 
9.579248 
9.579629 
9. 285009 


9.530389. 
9.580769 
9.581149 
9.581 52g 
9.581907 
9.582286 
9.582665 
9.58 3043 
9.583422 
9.583802 
9.584177 


10.438935 
10.438541 
10.438 . 
10. 437750 
10.437394 
to. 10.43697: 2 
9110.436581 


10.436178 


10. 425738 
19.415497 
10.435017 
10.434627 
10.434237 
10.433847 
10.433458 
10.43 3068 
10.432679 
10.432291 
10.431902 
10.431514 


18.437176 


10.430739 
10. 4303 Fl 
10.429964 
10. 225278 
10. 429197 
10.42 
10.428419 
10. 42803 
10. 42764 
10.427262 
10.426877 
10. 42649 
10. 42610 
10.425724 
10.425340 
10. 424956 
10.424573 
10.424190 
10.42 3807 
10.423424 
10.423041 
10.4226 59 
10.422277 
10.421896 


10.421514 
10.421133 
10. 4207 52 
10.420371 
10.419991 
10.419611 
10.419231 
10. 4788357 
10.418472 
10. 10.418093 


10.417714 
10.41733 
10.4169 5 
10.416578 
10.416100 
10.415823 


Tang. 


805 


| 


* 


| 


Secan*, 
10.027014 
10.027060 
10.027 106 
10.027152 


| 10.027198 


10.2724 
10. 02729 · 
10.027377 
10.027383 
10. 027430 


10.027476 
10.027 522 
10.027 $99 
10,.02701 

10. 027662 


10 6627709 
10,027755 


10.027349 
10. 022895 


10.0279 
10. 62731 


10.028036 
10. 44615 
10. oz8 130 


10.028177 
10.028224 
10.028271 
10.028318 
10,02836 $365 


10.028412 
10. 028460 
8 507 
10.0285 54. 
10. 10.028602 
70.028064 
10. 02869 
10.028744 
10.028792 
10.028 39 


10.028887 
10.028934 
10.028 781 

10.029030 
10.029078 
10.029126 


10.029173 


10.029269 
10.029317 


10.029365 
10.029413 


10.029510 
10.029558 


10.029606 


10. c 29655 
10.029703 
10.029751 
10. 29800 


1. 10. 10.029848 


8 


10.027802 


10.029462 


10.465948 
r109.465;tor 
10.465255 
10.464908 


10. 464562 


10.464217 
to. 463871 
10.463526 
10.463182 
10.462837 


10.462493 
10. 462149 


40 
10. 461806 48 | 


10.461462 
10. wo 120 


10.459751 
10.459410 
10. 459069 
10.458728 
10.458387 
10.458047 


10,457707 


10.457308 
10.457029 
10.456690 
10.456351 
10.456013 


10.455675 
10.455337 


10.454999 
10.454662 


10.453989 
10.453653 
10.453317 
10.452981 
10. 452646 


10.452311 
10.451976 
10 451641 
10.451307 
10-450975 


10.450640 


10.4 50306 
10.449973 
10.449641 
10.449308 
10.448976 
10.448644 
10.448313 
10. 447982 
10. 10.447680 I 
10.447320 
10.446989 
10.446659 


10.446330 


10. 446000 
1.44921 
"Secant. 


"WY 
25 — DE o 


— 
59 
58 
57 


6 


55 
54 
53 
52 
51 


5 


47 
6 


O 


3 

3 

36 
35 
34 
33 
32 
31 
30 
2 


7 


5 
24 
23 
22 


2 Dares _ 


| Sine 
—— 
9.554329 


9.5548 


9.554987 
9.555315 
9.555043 
9.555971 
9.550299 
9+556626 
9. 585283 
9-557280 

9. 9.557500 


9-55 3805 
9.5585 
9. 538909 | 9 
9. 892528 
9. 7 85 


1 * 

9-56 727 
9. 5672553 
9.56117 
9. 50 501 
9.561824 
9. 9-562146 
9. 9- 552468 
9.562795 
9.563112 
9.563433 


19.863285 


9. $64075 
9.564 396 
9.564716 
9.565036 
9.565356 
9.565676 
9.565995 
9.560314 
9.566632 
9.566951 
9. 9-56726g 
9.567587 


19 567904 


9.568222 
9.568539 


12568835 


9. 7900 
9.569488 
9. 569804 
9-$70120 
882 
5707 
9. 82 
9.571380 


| 9-571695 


9.572009 
9.572 
9-572 
9.5729 
9573203 
9.572575 


70 
9 


| 


d.970152 
9.970103 
9.97200 


9.969909 
9-y69860 
9.969811 | 
9.969762 
9-9697 14 


9. 5 96g665 


9. 558525 9.96961 


9.909507 [9 
9 -969 5 


9. . — 
9.969370 
9.969321 
7 | 9.969272 
9859223 
9.969173 

969124 
— 
9.969025 
9258976 
9.968026 
9.968877 
9.968827 
9.968777 
9.968728 
9.968678 
9.968628 
9.968578 
9.968 528 
9.958478 


9. 903429 
9.968379 
9.963328 
9.968278 
9.963228 


9.968178 

9.963128 
+ 968078 
9.968027 19 
9.96797719 
9.967927 
9.967378 
9.967826 
9.967775 
9.967725 
9.967674 
9. 907023 
996757319 
9-967 522 
222422 
9.967420 
9.967370 
9.967319 
9.9672 
9.967217 
9.967166 


Sine 


"2 


9.97005 3H 
9. 9258957 


68 | 9.605682 


E 


Tang. 


9.581177 
9.584555 
9.584932 


5309. 
2.585880 


9. 9.586062 
9.586459 
9.58815. 
9.587190 
9.537566 
9.587941 
9588316 
9.588697 
3. 2 44494 
9.58 9449; 
9.589874 
9.590158 
9. 590562 
9.590930 
9.591308 
9.591681 
9.592054 
9.595426 
9.592798 
9.593170 
9.593542 | 
9.593914 
9.594285 
3.554558 
9.595027 
9.595397 
9.595768 
9.596138 
9.596608 
9.596878 
9.597247 
9.597616 
9.597985 
9.598354 
9.598722 
9.599091 
9-599459 
9. 599827, 


600 — 


9.650929 
9.601296 
the 
9.002029 
9.602395 
9.602761 
9. 127 


9. 7 815 
9.6042 

9. 84850 
9.604953 
9.605317 


9.606046 
9.606; 506410 


3 


10.415445 
16.415 68 
10 414691 
124.14 
10141 3938 
104413505 


104413181 
1904412810 


| 19-4124 34 


I toe" [4 
10.411684 
10.411309 
10.410933 
19.410: 68 


10.410186 


1170.479812 


10. 409438 
10. 40906 f 
10.408692 
10.408 319 
10.407946 
10. 40% 574 
10.407201 
10.406829 10. 406829 
10. 4064 
10. 486380 
10.405715 
| 10.405344 
10.404973 
10. 404602 
3 
10.403862 
10 403492 
10.403122 
10.402753 
19.402384 
10.402015 
10.401646 
10. 401274 


10. 400909 
10.409541 
10.400176 
828 
10.3994 3+ 

10. 399071 
10.398704 
10.398337 
10.397971 
10.397605 


10.397239 
10. 396873 
10. 396 507 


10.396142 


1832777 


10. 395412 
10.395047 
10. 394683 
10. 394318 
10.393954 
10.323590 


27 Tang. 


10.415823 


10.031272 
| 10.03 . 322 


10. 031422 


— 


Secant. 


10 029848 
10.02 9897 
10.029945 
10.029994 
10 030243 
1. oc 
19.830150 
10. 03089 


8. 030225 
10.030286 


10.030335 
10.030384 
10.0304 33 
10. c 304 82 
10.030531 
10.030580 
10,030630 
10.030679 
10.030728 
10.030777 
10.030827 
10.030826 
10. 03092 5 
10.030975 
10.03 1024 
10.031074 
10.031123 
10.031173 
10.031223 


10.031372 


10.03 1472 
10.031521 
10.031571 
10.031621 
10.031671 
10.031722 
10.031772 
10.031822 
10.031872 
10.031922 
10.031973 
10. o 32023 
10.032073 
10.032 124 
10.032174 
10.032225 
10.032275 
10.032326 
10.032376 
10. 0 32429 
10.032478 
10.032529 
10.032579 
10. 022940 
10.032681 
10. poo þ 
10.0327 


21. 10 032834 


1544871 
10.445342 
10.445013 


10. 444685 


10-444357 
10.444014 
10.443701 
10.443374 
10.44 3047 
10 442720 
10.442394 
10.44 2008 
10.441742 
10.441416 
10.44 001 
10.440766 
10.440441 
10.440117 
10.439793 
10-4 39469 
10.439145 
10.438822 
10.438499 
10.6 38176 
2.437854 
10.437531 
10.437210 
10.436888 
10. 436 566 
10.436245 


10.435925 
10.435605 
10.435284 
10.434964 
10. 434644 
10.434324 
10. 434000 
10.433686 
10. 433368 


10. 433049 


10.432731 
10.432413 
10.4: 209 

10.431778 
10.431461 


10.431744 
10. 430 828 


10.430512 
10. 429895 
10.429880 


10.429854 


10.429249 
10.428933 
10 428620 
10. 428305 


10.427991 
10.427677 
10.427363 
10.427050 
10.426737 


10.426425 


— 


Secant. 


— KGS 75 


69 Degrees. 


9 


* * S vw e „eee 


68 Degrees. 


— — = : 
— - 
+ v 
— ww , — P ( ˙— Be. = . — 
= — _- 
— 5 * A 


* 


— _ = 
— — — 


— — 
— — — 


—— — — 


62 A Table of — _ 7. —— and Secants. 
— —— — A — — — 
2 Degrees. 23 Degrees. 
| # | | wx 
E Sine. | Tang. gs: Secant. | 5 Sine Tang. Secant. 
E 2.852388 9.967166 | 9.606410 | 10. 393590 10. 032824 10.426425 60 0] 9.591878 | 9.964026 | 9.627853 | 10.372148 | 10.03 22 10.4012 
119.573 88 9.967115 9.606773 10.393227 10. ours 10. 426112 5 11 9.592175 3.363825 9.628203 10.371797 10. o3 10 407824 
249. -$74200 9.967064. 9.607137 10. 392863 10.0329 10. 42 53800 5 2] 9.592473 9.96863 9.628554 10. 371448 10.036081 10.407527 
39.574512 | 9.967012 | 9.607500 10. 392 50 10.032987 10. 425488 | 57 3] 9:592770 9.963865 | 9.623905 | 10.371095 — 10. 407230 
4 9.574824 9.996991 9.607863 | 10.392137 10.033039 | 10: 425176 | 56} 4| 9.593069 9.963817 9.629255 10. 370745 | 10. 36189 20. 
59.575736 | 9.966910 | 9.608225 | 10.391775 10.033090 | 10. 424364 | 55 5 9.592363 | 9.963757 9.629606 | 10.370394 10,036243 10.4066z7 
6 | 9575447 | 9.966859 | 9.608588 | 10.391412 | 10.033141 10.424553 54 9.593059 | 9.963704 9.629956 | 10.370044 | 10.0362g 10. 406341 
7 | 9-575733 | 9.966807 | 9. bo8g50 | 10.391050 10.033192 | 10424242 | $3 7 9.593955 | 9.963650 | 9.630306 | 10. 369694 10.036350 | 10.406044 
8 | 9.576068 | 9.966756 | 9.609312 | 10. 390688 | 10.033244 | 70.423931 52 9-594251 | 9-963596 | 9.630656 | 10.369344 10.3643 10.405749 5 
99.576379 9.96674 9.609074 | 10 390326 | 10.033295 | 10-423621 | KJ. 9 9.594547 | 9:963543 | 9.631005 | 10.388925 9.36425 | 0 | 
70 | 9.576689 | 9.966653 | 9.610039 | 10. 10.389964 10,033347 | 10-423311] 50 10| 9.594842 | 9 963488 9.631354 | 10. 10. 368645 0.036512 10. 4051 
1119.576999 | 9.966602 | 9.610397 | 10. 389602 10.033398 10.423001 49 7119.595137 4” 3434 9.631704 10. 36829 — 10. jour? 
12 | 9.57730 9.966550 9-610759 | 10.389241 | 10. 033450 10.422691 48 [12 9.595432 9.263372 9.632053 | 10. 367947 10. 03660 10.404568 
13 | 9.577013 | 9.966499 | 9.611120 10.388880 10.03350x 10.422382 47 13 9.59 747 9.963325 | 9.632401 | 10.367598 | 10.036677 10. 404473 
1419.577927 9.966447 9.611480 10. 388 520 10. 10.033553 10.422072 46 14 9- 590021 9.963281 9.632750 10.30 367250 10. 03679 10.403979 
75 9.578436 | 9.966395 | 9.611841 | 16.388159 10. 0.033605 10.421764 145] 1 7 80 59.964217 | 9.633098 | 16.366901 — 10. 40367; 
26 | 9.578545 | 9.966344 | 9.612001 10. 387799 10.033656 10.421455 44, 9-596 9 | 9.963162 8 10. 3665 63 2 | 10.403391 
179.5738 53 | 9.966292 | 9.612561 | 10. 387438 10,033708 | 10. 421146 43 9-596903 | 9.963108 9-633795 10.366205 | 10.0368 4 10. 403097 
189.5790 1629.966240 9.612921 10. 387079 10.033760 10. 42083842 9.597196 | 9.963054 | 9.634143 10. 305857 10.036946 10.4080; 
29 | 9.579469 | 9.566188 | 9.613281 | 10.386719] 10.033812 | 10.420530| 41 9-597490 | 9:962999 | 9.634490 | 10365510] 10.037001 | 10.402510 
20 | 5.579777 9.966146 9.613641 | 10.386359 | 10.033863 10.420233 40 3.298575 9.962945 9.634838 10. 385165 10.037055 76.4427 
219. 580084 1 9.614000 — — 10.033915 10.479205 3 9.59807 * 9.635185 10.364815 10.037110 | 10.491945 
22 | 9.530392 | 9.566033 | 9-614359 | 10. 38 564 10.033967 10.419608 | 3 9.59836 3.362744 2655355 10. 364468 10.037 164 10. 401632 
23 | 9.580699 S abeade 9.614718] 10.385282 | 10.034019 10-419301 | 37 9.598660 9.962781 9.03587 10. 364121 10,037219 | 10.401340 
24 | 9:5381005 | 9.965928 | 9.615077 | 10.384923 | 10.034071 | 10-418995 | 3824/9828982 9.962727 | 9.636226 10.353724 10.223. 
25|9-581312 | 9.9658; $76 9.615435 10'384565| 10.034124 | 10.418688 35 9.599244 | 9.962672 2 e 10. 363428 10.037328 | 10.40075b 
2619.581618 9.96 5824 9.615793 | 10.384207 10.034176 10.418382 34 9.599535 9.962617 | E 636918 | 10. 36308 1 10.0373 10. 40040 
27 | 9-531924 | 9.965772 9.616151 10. 383849 10.034228 10.418076 33 9. 599327 | 9.962562 [9.637265 | 10.627381 10.0374 $0.499073 
23 | 9.532229 | 9.965720 | 9.616509 | 10.383491 | 10. 034230 10.417771] 32 9.500118 9.962509 | 9.637611 | 10. 362389 10.037493 | 10.399882 
299. 9.532534 9.965668 | 9.616867 10. 383133 10.034322 10.417465 IL 9. 9.962453 2.627935 10.3 10.0327 2. N 1 
20 9.582840 9.965615 9.617224 10.382776 10.034385 10.417160 30 | 9.600500 9.962398 | 9.638302 10. 361698 10.037604 | 10. 309 360 5 
31 | 9*533144 | 9.965563 | 9.617581} 10.382418 — 10.416855 29 9.600990 9-962344 | .9.678647 | 10.361353] 10.037657 | 10.3 14 
32 | 9.583449 | 9.965511 | 9.617938] 10.382061 10.034489 10.416551 28 9.601280] 9.9622 9-638992 10. 361007 — [10-3997 720 
33 9.88355 9.965458 | 9.618295 | 10.38 1705 — 41-9 10.416246 | 27 9.601570 | 9.96223 9 £99997 10. 360662 10.037707 10. 398440| N 
34 | 9: 584058 | 9.965406 9.618652 10. 381347 | 10.034594 10-415942 26 9.601 9.96217 2| 0.360318 10.037822 10.398140] 1 
35 | 9584361 | 9.965353 | 9.6190c8] 10.380992 | 10.034647 | 10.415638 | 25 9.602149 9.962123 | ES 10.359973 | 10.037877 10.397800 
36 9.887065 9.965301 | 9.619364 | 10.380635 10.034699 10.415335 24 9-602439 9.962067 | 9.640371 10. 359629 | 10. 937932 | 10-3979% 10 
3719 53496 9.965248 9.619720] 10.380279 | 10.034752 | 10.415031 | 23 9.602728] 9.962012 9.6407 16 10.359284 10.037988 | 10.397272| 1} 
33 | 9.53852,72 | 9.965195 | 9.620076] 10.37992 i 10.034805 10.414728 | 22 9.603017] 9.961957 9. 641060 10. 358940 10.03804 942 1.3%. 
39 | 9-585574 | 9 965143 9.520432 10.379568 | 1.34857 | 10.414425 | 2132 9.603305 | 9.961902 9.641404 1.38526 10,038098 | 10: 1 
409. 58 5877 | 9.965090 | 9.620787 | 10.379213 10. 034910 10.414123 | 20 9.603594 9.961846 9.641747 10. 3582 53 10.038154 10. 306420 
4119.586179 3.8671 9.621142 | 10. 3788 58 10.034963 10.413820 1 9.603 9.961791 | 9.642091 | 10.357909 | 10.033209 | 10.396113]| uf 
42 | 9.586432 2.26 964984 | 9.621497 10.323855 10.03 50 16 10.413518 81 9.604170 9.961735 3 10.357566 10.038264 10. 395830 uy 
4319.586783 | 9.964931 | 9.621852 | 10.378 148 10.035069 10.413216 | 17 9.604457 9.961680 [9.642777 | 10.357223| 10. 538320 10. 395840 
44 9.58708; 9. 964 78 9.622207 | 10. 10.377793 | 19-035121 | 10.412915 16 19. 604745 | 9.961624 2.543120 10. 356880 IO. 19.853323 1.81 
45 9. 537 436 9.964826 9.622.561 | 10.377439 10.035174 10.412613 15 9.605032 [9.961569 9 9.643463 10.356537 10. 1481 10 394960 15 
46 | 9.537688 | 9.964773 | 9.622915 10. 377085 | 10.035227 [10.412312 14 9.605319 9.267823 9.643806 | 10. 356194 10. 9394 10. 394687 1 
47 9.83988 9.964779 9.623269 | 10. 376731 10.035280 10.412011 17 9.605606 [9.951458 (9.644148 10. 35 58 52 10.038 542 | 10. 39429401 
4819 588489 9.964666 | 9.623623 10. 376377 10.035333 10.411711 12 9.605892 9.961402 9.644490 | 10.355510 10.038 698 10. 394108 u 
49 9.588927 9.964613 9.623976 10. 376024 10,035357 | 10.411410 | 11949 9.606179 9.961346 9.644832 10. 355168 10. 0386 54 10.3921 
50 9.588890 9.964560 9.6243 20 10.37 5670 10.035440 10.411110 10 9. 60646 5 9.961290 9.645174 10. 354326] 10.0387 10 10.393535}" 
51 | 9.539190 | 9.964507 | 9.624683 | 10.375317 | 10.035493 | 10.410810 2 9.606751 [9.961235 9.645516 10.354484 | 10.038765 10.39 
52 | 9.589489 9.964454 9-025036 | 19.374964 | 10.035546 | 10.410511 9.607036 [9.961179 9.645857 10.354142 [10.038821 10. 392904 
53 9.589789 | 9.964402 | 9.625388 10. 374612 10.03 5600 10.410211 7 9.607322 [9.961123 9.646199 10. 353801 10.038877 10. 392678 / 
1481 — 9-264347 9.625741 10.374259 10.035659 10. 409912 6 54 | 9.607607 9.961067 9.646540] 10. 10.353460 10.038933 10.392383 
559. 590387 | 9.964294 | 9.626093 | 10. 37390 10.03 7 16.409613 5 7 —.— 9.961017 9.646881 | 10.353719 10 10.638989 10.392700 ; 
561 9.5 9.964240 9.626445 | 10.373555 | 10.035760 10.409314| 4 9.608176 [9.960955 | 9.647222 | 10,352778 | 10.049045 | 10-391923] 
57 | 9.590924 | 9.964187 .9.626707 10.373203 | 10.035813 | 10. 4090 3 9.608461 9.966843 9.647562 | 10. 3 52438 10.039101 10-3953] 
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to. 5 1677 


10.05 174 
to. og 180 


o. og 1874 


10. og 1940 
Io 052005 


10.052071 
10.052137 
10.052203 
10.052269 
1.85232 
10.052400 
10.0 52466 
10.052533 
10.052 599 


10.052665 


10.052731 
10. 052297 
to. 52864 
10.0 52930 


10 052996 


10.053063 
10.063129 
10.053196 
10.053262 


10.063329 


10.053395 
10.053462 


10.0 53529 
10. 063 566 


10.053663 


10.063730 
10.053797 
10.053864 
10.053931 
10.063998 
10.054065 


—— 

Iv, 342953 
10. 342705 
10. 342458 
we 342210 

o. 

2341963 
IO. 341716 
10. 34146g 
10. 341222 


10740729 
— —— 


10. 340483 


10. 339991 


10.259745 
239499 
I0. 339254 

10. 339009 

10. 338764 

10.338519 
10.338274 
10.3% N 

5 


10.3377 
10.337541 
10. 337297 


10337054 
10. 336310 
10. 336566 


10.336323 


10. 336080 


10. 33 5837 


10.335594 


10.237355 
335¹09 
10. 334567 
10. 334625 


10.334383 
10.334141 
10.333900 
10.333655 
10. 333417 
10. 333176 
ny 5 
10, 332095 
10. 332454 
10,332214 


10.331973 
10.331733 
10.331494 
10.331254 
10. 331014 


10. 33077 


10. 330536 


10. 330297 


10. 33005 
10. 329819 


10.329581 
10. 329342 
10. 329104 
10.32 866 
10. 328628 


10.328391 
1. 


Secant. 


10 


=l > — Seele 22 


1 
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A Table of Artificial Sines, Tangents and Secants.. 


28 Degrees. 


9.671847 
g. \ 672084 


9. 672321 
9.672558 
9. Ys 
9. 763288 
9.673505 
9.673741 


9-673977 
4 67421 


re 


4 — 
2278585 


9.945598 


7. 855 


9. 945396 
9-945 329 
9.945261 
4 5193 
512 
| 5:94505 
74919| 9.944955 
75155] 9: 944922 


24| 9. 284775 
9. 944718 
76094 | 9-944650 


— 9.944882 


62] 9.94451 


9.94444 
9.944377 
4 | 9:944 3099 
9.944241 
9.944172 
9-944104 
9. 944039 
9:94 3907 
9-943898 
9.9438 Jo, 
9. 943791 
9.943692 
9.943624 
24| 9:943555 
9.943486 


9+ 2943417, 


9.943348 
150] 9-943279 


9.943210 
9.943141 


9.943072 


4169.943003 
51905 | 94942933 
$2135 | 9.942864 
51] 9:942795 


51994272 
9.9426 5 


21284557 
9.94257) 
9.942448 
9.942378 
9.942308 
9942239 
9.942169 
9.942099 


9.942029, 


5215 
9-941819 


"Saw, - 


| 
| 


— 


Tang. 


9.725674 
9.28255 
9.7252 


22295 


9.727197 


9.727 on 
9.727005 
9. 72 109 


9.22842 


9.723716 
9-729020 
9-729323 
9.729626 
2.229929 
9 730232 
973053 

9.730838 
9.731141 
9:7.31444 
9-731746 
9.7 32048 
9732351 
9.732653 
222955 
4 733457 

733 

9. 732880 
9.734.162 
9-7 34463 


9-734764 
9-73506 

9.735367 
9.735868 
9.235968 


9.736269 
9.736570 
9.736870 
9.737171 
94737471 
9.737771 
9.738071 
9.738371 
9.738671 
9.738971 


9739271 
9.739570 
9. 74245 70 
9+7401 
9. 2. — 
9. 9.74767 
9.741066 
9.741365 
9.741664 
9.741962 
9.742261 
9.74255 
9.74285 
9.743156 
9.743454 
9.243782 


9. * 8 10. 273412 


i 


10.274326 


10.274021 
10.273716 


10.273107 
10.272803 


10.272195 


12 77 
10 10.271885 8 
10.27 10.2) 128 
10.270g980 
10. 273677 


10.270374 
20. 220070 


10.259767 
10. 269465 
10. 269 162 
10.2688 59 
10.2685 $556 


10,2682 54 
10.267952 
10.267649 
10.267347 
10.262045 
10.2667 

to. 9 
10. 266 140 
10. 265838 
10.268837 
10.265236 
10.264934 
10.264633 
10.264332 


10. 264031 


10.263731 
to. 263430 
10. 263129 
10. 262829 


10. 262 629 


10.262229 
10. 261928 
10.261629 
10. 261329 
10. 261029 


to. 26072 

10. * 
10. 260130 
10.259831 
10.259532 


10.259233 


10.258934 
10. 253835 


10. 258336 
10. 258038 


10.257739 
10.257441 
10.257142 
10. 2 56844 
10. 2 565646 
10. 2 10. 256248 


"Tang. 


' 


10.054132 
10.0541 

10.054267 
10.054334 


10,054401 
10.054469 
10.054536 
10.054 04 
10.054671 
10.054739 
10.0 54807 
10.054874 
10.054942 
10.05 5010 
10.05 5078 
10.055146 
10.055214 
10. 055282 
10.05 53 50 
10.055418 
10.055486 


10.055 54 
10. 055 22 


Io. 10.055691 


10.055759 
10.055827 


10.05 1 
10.0559 
10.059033 


— 101 
10. 0 56 170 
10.056239 
10,056307 
10,0 10.056376 


10.056445 
— 
10. 956682 
10.0 566 5 

10. 1 


10.0567 90 
10.0568 

10.0 5692 

10. 5699 2 
10,05706! 

10 10.057736 
10.0 5720 f 
10.057274 
10.057344 
10.057413 


10.0578; 


10.057622 


10.057692 
10.067761 
10.057831 
10.057901 
10.057971 
10.058041 
10.058171 


= 058181 


| 


| 20. 328391 


10,3281 53 
10.3279 1 

10. 327679 
10.322442 
10. 32720 

10.326968 
10. 326732 
10. 326495 
10. 3262 59 
10. 326023 
10. 325787 
10.325551 
10. 325316 
10. 32 5081 
10. 32484 5 
10. 324610 
10. 324376 
10. 324141 
1.33986 
10.323572 
10. 323438 
10. 323204 
10.322970 
10. 322236 
10. 322 502 
10.322269 
10.322036 
2 


10. 32170 


10. 321337 
10. 321104 


10. 320872 
10. 320640 
10, 320408 
10.320176 
10,319944 
10.319712 
10.319481 
10. 3192 50 
10. 319018 
10. 318787 
10.318557 
10. 318326 
10. 318095 
10.371786 z 
10. 317635 
10.317405 
10.317175 
10.315945 
10. 10.3167 76 
10.316486 
10.3162 57 
10.316028 
10.315799 
10. 315 570 
10.315342 
10.315113 


10. 31488 5 


10.314657 
10. 314429 
Secant. 
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Deg ees. 


5 


__—_— 


IE Wo WY 


8 % ww 1 N 


49 | 9-6965 54 


| 
Sine, 


4 635577 


9. 1.688525 


4 6862 q 
9 1 — 
9.686936 
9.687163 
9. 027359 
9.687 
687842 
. dhe 
9. 683293 5 
9.688 521 
9.688742 
9. 9.588972 
9.689198 
9. 039422 
68964 
9.089 
9.689872 
9.690098 
7. 
9.69054 
9.590772 
9.590995 
9. p.691220 
9-091 
9. "631668 
9.691892 
9.692115 
9.692339 
9.6925 2 
9. 692785 
9.693009 
9-693237 
9. 9693453 


9.693898 
9.694120. 
9.564342 
9.694564 
9.694786 
9.695007 
9.695229 
9.695450 
9.695671 
9.695392 
9.696113 
9. 699334 


9.696774 
9.696995 
9.697215 
9-697435 
9.697054 


9.692874 
9.698094 
9.698313 
9.698532 
9.698751 


9.941819 
9.941747 | 
| 9- 941679 | 
9.941609 
2 | 9:941539 


0g 9.94468 


9.941393 | 9 
9.941328 
9.9412 4 


9.941117 
9. 941046 
9.940975 
9.940 
9. 9. 215823 
9.940763 
9.940693 
9.940622 
9.949551 
9.940450 
$+-940409 
9.940338 
9.9402 5 
9.94019 
9940125 
940053 
4 — 
9. 939 * 
9.93984 
9.939758 
9.939697 
9.93962 5 
9.525732 
9.939482 
9939410 


9.939339 
9.939267 
9.939195 
9.939123 
9.939051 
9.938980 
9.938 908 
9. 222785 
9.23875 

9.935691 591 
9.933619 
9.933547 
9.938475 
9.938402 
9.933330 
96933258 
9.938185 
9.938113 
9. 225977 
9.937967 


9.937895 
9.937822 
9.937749 
9.937676 9 
9.937603 


2 


9-937 531 | 9-791439 
Sine 


9.941187 


| 


Tang. 


9.743752 
9.744050 
9.744348 
9.744645 
9.244943 
9. 745240 
9.74553 

9. 745%3 

9- 748 135 
9.246429 
9.746726 
9747023 
9.747319 
9.747616 
9.247912 
9.748209 
9.748505 
9.748801 
9.749097 
9.242393 
9749689 
9.749985 
9.750281 
9.750576 
9.750872 


9.751167 
9-7 51462 
9-751757 
9.752052 
9-752347 
9.7 52642 
9.752937 
9.753231 
9.75 3526 
9.753820 


9.754115 
9.754409 
9.754703 
9.754997 
9.258291 
9.755 75 
975887 
9.756172 
9.756465 
9.756759 
9-757052 
9+75734 
9.75763 
9.757931 
98875 
9*758 

9. 738910 
9. 759102 
9759395 
9.758687 
9.759979 
9.7 * 
9. 65 


2965 18 


K 


10. 2 56248 


10. 25 59 50 
10.255652 


10.255355 


10.255057 
10. 2.54700 
10.2 54462 
10.254165 
10. 253868 


10.253571 


10.253274 


10.252977 
10.252681 


10.252384 
10.252087 
10.251791 
10.251495 
10.251199 
10. z 50903 
o. 250607 
10. 250311 
10. 2 5001 5 
10. 249719 


10.249424 
10.249 128 


10.2488 3 
10.248 E 
10.248243 
to. 247948 
10.247553 


10. 2473 $8 
10.247003 
10.246769 
10.2464 74 
10.246180 


10.245885 
10.245591 


10.245297 
10.245003 


10.244709 


10.244415 
10.244122 
10.243828 


10.243535 
10.243241 


10 242948 
10. 242055 
10.242 302 

10.242069 
10.241776 


10.241483 
10. 241190 
10.240896 
10. 240605 
10.240313 
10.240021 


10.239728 
4110.239436 
10.239144 
10.23 7 
10.238 561 


Tang. g. 


Secant. 


10.058181 
10.058251 
10.058321 
to. o 8391 
10.058461 


10.058 531 
10.0 5860 
10 058672 
10.058742 
to. 58813 
10.0 58883 
10. 058954 
10.0 59024 


10. 059095 
10.059166 


10.0 59237 
10. o 69 307 
10.059378 


10. 59449 
10. o 69 520 


10.059 591 
10.059662 
10.059733 
10,059804 
10.0 — 9875 

59946 
— 18 
10.060089 
10.060160 
10. 0602 32 


10.060303 
10. 06037 $ 
10,06044 

10.0605 18 
10. 50589 


10.060661 
10. 060733 
10. 6080 5 
10.060877 


10. 10.060943 


10.061020 | 
10.061092 
10.06116 
10. 06123 
10. 061 309 


10.061381 
10.061453 
10,06152 
10.06159 
10.061670 


10.061742 
10.061815 
10.06 1887 
o. o 1960 
10.06 1033 


10. 062 105 
10. 06217 
10.062251 
n 
10.062 39 
10.062469 


14201 
10. 313973 
10. 3 3746 
10.313518 
10. 313291 
10. 313604 
10.312837 
10. 312610 
10.312384 
10.312157 
10.311931 
10.311705 
10.311479 
10.311253 
10.311028 
ro. 310802 
10.310577 
10. 3103 52 
10.310127 


10. 309902 
10. 309677 
10. 309452 
10. 309228 
10. 309004 
10. 308779 
10. 308 555 
10. 308332 
10. 308 108 
10. 307884 
10. 307661 
10. 307348 
10. 307215 
10. 306991 
to. 306769 


10. 306 547 


10. 306102 
10.305880 


10.305658 
10*305436 
10.305214 
10. 304993 
10. 304771 


10.304550 


10. 30432 
10, 304 10 

10. 303887 
10. 303666 
10. 303446 
10. 30322 5 
10. 303005 
8 
10. 302865 
10. 302345 
10. 302 126 
10. 301906 
10. 301687 
10. 301468 
10. 301249 
10. 30 1030 


| 


Secant. 


10.314420 


10. 306 324 


10 
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A Table of Artificial Sines, Tangents and Secants. 


30 Degrees. 


31 Degrees. 


80 on [+ w 2 » o| aN 


=-| 


— 


Sine. | 


9.693970 
9.699189 
9.699407 
9.699626 
9.699344 
9. 700062 
9.700280 
9.700498 
9.700716 
9: 702333 
9.701151 
9.701368 9.93672 
9.701555 
9.701802 
9.702019 
9.7022 36 
9.702452 
9.702669 
9.70288 5 
9.703101 
9.703317 
9703533 
9703749 
9.203964 
9.704179 


9.93643 
9.9362 
9.93606 


9.93598 
9.93501 


9 704395 
9.704610 
9.704325 
9.705040 
9.705254 


9˙93569 
9.93554 
9.93539 


9.937531 
9.937458 
9.937385 
9.937312 
9.937238 9.762606 
9.937165 | 0.762397 
9.937092 
9937919 
993694 
9930572 


9.936799 
9.936652 
9.936578 
9-936505 | 9-765514 


3.5562 


9936210 
9:939136 


9.935840 
9.935766 


9.935618 
9.935460 


Tang. 


9.761439 
9.701731 
9.702223 
9.762314 


9.763188 
9.763479 
9.763770 
9.764561 
9.704352 
9764643 
9.764933 
9.765224 


I | 9.765305 
2 
9.766385 
9.766675 
9.76696; 
2 ( 9-707255 
$19 707545 
49.767834 
9.768124 
59.768413 
2 | 9.768703 
9.768992 
3 | 9.769281 
9.769570 
5 | 9.769860 


9.70 


| 9.709730 
9.508941 
9.710153 
9.710354 9.63355 
. 
9.710992 
9.71128 
9 711419 
9.711729 
19.711839 


— 


9.705469 
9705683 
9.708897 

112 
9.706326 


9.706539 
9.706753 
9.706967 
9.707180 
12282393 
9-7076c6 
9.707819 
9.703032 | 
9.7c8245.4 9-94 349 
9.7057 
9 7086704 9.93419 
9.708882 | 
9.709094 
89.209306 


9.93509 


9.935320 
9.935246 
9.935171 


9.770148 
9.770437 
9.770726 
7 | 9-771015 


9493472 
9.93464 


9.935022 
9.934948 

9.934873 
9.934798 


2728383 
9.771592 
3.71855 
9.772168 
319772457 
9127225 


9.93457 
993449 
9.93442 


— — 


9.93412 
9.93404 
9.93397 


9.93332 
9.93374 
9.93397 


Sine, 


94934274 


10.238 561 
10.238269 
10.237977 
10. 23768 

1.232325 
10. 237103 
10.2368 12 
10.236521 
10. 2362 30 
19.23 939 
10.235648 
10.235337 
10.235067 


10. 234770 
10 234486 


10.234195 
10.233905 
10 233615 
to. 233325 
10.233037 
10.232745 
19.232485 
10. 23216 

10.231876 
10.231586 
10. 23129 

10. 23 00 

10. 230719 
10. 230429 
10.230140 
10· 229851 
10.229563 
10.220274 
10 22898 5 
10. 228697 


10. 228408 
10. 228 120 
10.227832 
10.227743 
10.227255 


4 | 9:77 3933 
919773321 
& | 9.772 36c8 
9.773896 
9.274184 
91.774471 


9.775046 
3 |9-775333 


82278622 
2 7 f 
10 223805 


719 776194 
I | 9.776483 
6] 9.776768 


9-9335201[9 777056 
9.933444 
9.333369 
9.933293 
9.933217 
9.933141 
9933000, 


9.777342 
9.777028 
9.777915 
9.778201 
9 778487 


1.22752 


10.226967 
10 226679 
10. 226392 
10.226104 
10.227816 
10.225529 
10.225241 
10.2240 *4 
10.224667 
10.224379 


Secant. 


10.062469 
10.062543 
10.062615 
10.062688 
10.062761 


10.062835 
10. 062908 
10.062981 
10.00 3054 
10.063 128 


10. 301030 
10. 300811 
10. 300593 


10. 300374 
10. 3001 56 


10.299938 
10.299720 
10. 299 502 
10.299284 
10. 299067 


10.063201 
10. 06327 5 
10.06334 

10.063422 


10.063495 


20.003509 
10.06364 
10,06371 
10.063790 
10. C63864 


10. 063938 
10.064012 
10.064086 
10.064160 
10.064234 


10.064 308 
10.064382 
10.0644 57 
10.064531 
10. 06460 5 


10.064680 
10,0647 54 
10.064828 
10.064903 
10.064978 


10. o6 50 52 
10.065127 
10. 06 5202 
10.06 5276 
10. 065351 


10. 06 5426 
10. 065 501 
10. 06 5 576 
10. c6 5 51 
10.065726 
10.c65801 
10.065877 
10. 06 C9 52 
10. 066027 
10.066102 


10. 224092 


10.223518 
10.223231 
10.222945 


10.065178 
10.066253 
10.066329 
10. 066404 
10.066480 


10.222658 
10.222372 
10. 222085 
10.221790 
10.221512 
19. 22 1226 


2224 


Tang. 


10.056 5 5 
10.066631 
10. 066707 
10.066783 
10.0668 58 
10.066934 


10. 298849 
10.298634 
10 298415 
— 
10.297981 


r 
10. 29754 


10.297331 
10.297115 


10.296899 


10.296683 
10. 296467 
10.296251 
10. 296036 
10. 29 5820 


10. 29 560 ö 


10. 29 5390 
10.295175 
10. 294960 


10.264746 


10.294531 


10.294317 
10. 294 102 


10.293888 
10.293674 
10.293461 


10.293247 
10.2 9303 2 
10.292820 


10.292607 


10. 292393 
10.292181 


19.291968 
10.291755 


10.291542 


10.291330 
10.291118 
10. 290 906 
10. 290694 
10. 200482 


10. 290270 
10. 200058 
10.289847 


10.289636 
10. 2804291 


10.289214 
10. 280003 
10 288792 
10.288 581 
10.288371 
10. 288161 


Secant. 


o — W 80 


59 


Degrees. 


7 


Sine 


9.711839 
9.712049 
9.712260 
9.7 2469 


19479 


9.71288 
9.71309 
9.713308 
9.713507 


| 9-713726 


9.713935 
9.714144 
9.714352 
9.714561 
9.714769 
9.714978 
9.715186 
9715394 
9.715601 
9.715809 


9.933066 
9.932990 
9.932914 
9.932838 
9.932762 
9.93268 5 


9.932609 


| 9.781060 


| 9.781 346 
9-932 304 9.781631 


9-932533 
9.932457 
9.932.380 


9.932228 


9.932151 9.782201 
9.932075 9.782486 
9-931998 | 9.782771 
9.931921, 9.783056 
9.931845 9.783341 
9-931768 | 9.783626 
I | 9.783910 
9-931614 9.784195 


9.93169 


9.716017 
44 — 
9.710432 
9.716639 
9.716846 
9.717053 
9.717259 
9.717466 
9.717672 
9727879 
9.71808 5 
9.718291 
9.713497 
9.718703 


34| 9-718909 


9-931537 | 9.784470 
9-931460| 9.784764 
9-931 383. 9.785048 


9.93130 

9.931229 
9.031152 
9.931075 
9.930998 
9.930920 
9-93084 3 
9.930766 
9.930688 
9.930611 
9.930533 
9.930456 


Tang, | 


9.778774 
9.779060 
9.779346 
9.779632 
9.779918 
9.780203 
9.780489 
9.780775 


9.781916 


9.785332 
9.785016 
9.785900 
9.786184 
9.786468 
9.7867 52 
2282530 
9.787319 
9.787603 
9.787886 
9.788170 
9.788453 


9.719114 


6] 9719320 


9.719525 
9.719730 


9.219935 


9.930378 
9.930300 
9.930223 
9.930145 
9.930067 


9.789019 
9.789302 
9.789585 
9.789868 


9.720140 
9.720345 
9-720549 
9.7207 54 
9.720958 
9.721162 


6 19.721366 


9.721570 
9.721774 


9.721978 


9.722181 
9.723% 
9.722588 
9.722791 
9-722994 
9.723197 
9+ 72 3400 
9.723603 
9.723805 
9.724007 
9.724210 


9.929989 
9.929911 
9.929833 
9.929755 
9.929677 
9.929599 
9.929521 
9.929442 
9.929304 
9 929286 


9.929207 


| 9.929129 


9.929050 
9.928972 
9.928893 
4 8 14 
9.928736 
9.928657 
9.928 578 
9.928499 
9+92 8420 
Sine. 


9.790151 
9.790433 
9.790716 
9.790999 
9.791281 
9.791863 
9.791846, 
9.792128 
9.792410 
9.792692 
9.792974 
9.793256 
9.792538 
9.793819 
9.794101 
9.794333 
9.794664 
9.794945 
9795227 
9.795 508 


| 


9-795789 | 


10. 221226 
10. 220940 
10.2206 54 
10. 220368 
10. 220082 


10 219797 


10.219511 
10. 21922 5 
10 218940 
10.218654 


10. 21836 

— 
10.217799 
10.217514 
10.217229 


10.216944 
10. 216660 
10.216374 
10. 2 16090 
10. 215805 


10.215521 
10.215236 
10.214952 
10. 2 146868 
10.214384 
to. 214100 
10.213816 
10.213532 
19.213248 
10. 212964 
10.212681 
10.212397 
10.212114 
10. 211830 


10.211547 


9.788736 10.211264 


10.210081 
10. 210698 


10. 21041 5 
10.210132 


10.209840 


10. 209 566 
10 209284 
10. 209001 
10.208719 


10 208436 
10. 208 154 
10.207872 
10.207 590 


10. 207 308 


10. 207026 
10.206744 
10. 206462 
10. 206 180 


10. 205899 


10. 205617 
10. 20 5336 
10. 20505 
10. 20477 
10.204492 


10. 204211 


Tang. 


Secant. 


10.066934 
10.067010 
10.067086 
10.067 162 
10.0672 38 
10.067315 
10.067391 
10.067467 
10.067543 
10.067620 
10.067696 
10.067772 
10.067849 
10.067925 
10. 06800 


10.068079 
10.068 155 
10.0682 32 
10.068 300 
10.068386 


10.068463 
10.068 536 
10.0686 16 
10.068693 
10.068771 


10 068848 
10. 6892 5 
10.069002 
10.069079 
10.069157 
10.069234 
10.069312 
10.069389 
10.06 9467 
10.06 9644 
10.069622 
10.069700 
10. 69277 
10.0698 55 


10.069933 
10.070011 
10.070089 
10.070167 
10.070245 
10.0 0323 
10.070401 
10.7047 


10.0705 
10.070636 


10.070714 


10.070793 
10.070871 
10.070950 
10. 07 1028 
10.071107 


10.071185 
10.071264 
10 071343 
10.071422 
10.071501 


Hes omar 


— — 1 
10.287740 
10. 287 530 
10.287321 


10.287111 
10. 286902, 
10. 286692 U 
10. 286483 
10. 286274 


10.286065; 
10. 28 58 56 

10.28 56484 
10.285439 0% 
10.285231 
10. 28 5022 4 
10.284814 
10. 284664 
10.284798 | 42 
10. 284197 
10.283983 |40 
10.283776 
10.283568 
10. 2833610 %% 
10.2831c4 | 


10. 282947 
10. 28274105 
10. 282 5340 
10.282327 % 
10. 2821210 ½ 


10.281915 
10. 2817090 
10. 28150 fu 
10.281297 [27] 
10. 28109110 


10. 2808861 
10.280680 
10. 280475 U 
10.280270 u 
10. 280065 f 
10. 27986020 
10. 2796550U 
10.279451 [18 
10.279246 U 
10.279042|1b 
10. 2788380 
10. 2786340U 
10.2784 300 h 
10. 2782200 
10,278022|11 
10.277801 
10.277615| 
10.277412 

10.277200 
10. 2770⁰ 


10. 2768056 


10. 27660; 
10 276497 
10.276195 
10.275992 


10.2779 
—— 


Secant.“ 


58 Degrees. 


A Table of Artificial Sines, Tangents and Secants. 


32 Degrees. 


\ 


Sine 


3 
9.724210 
74491 
1724878 
9.725017 
9.725219 
9.725420 
9.725622 
9.725823 
9.720024 
9.72622 

11] 9.72642 

12] 9.726626 
1319.726827 
9.727027 
151 9.727228 
9.727428 
17] 9.727628 
18] 9.727828 
19] 9.728027 
9.728227 
9.728427 
9.72862 6 
9.77882 5 
— 
9.729223 
9.729422 
9.729621 
9.729820 
9.730018 
9.730216 
3I19-730415 
9.730013 
9.730811 
9.731009 
9.731206 
3919-73140 4 
9.731601 
3919-731799 
9-731990 
9732193 
9.732390 
9.732587 
9.732784 
9-732980 
94733177 
4919-733373 
9733569 
619733765 
9-733961 
9.734157 
19.734353 
29.734548 
319734744 
49.734939 
719935734 
69.735330 
7153235525 
39.735719 
9 19.735914 
9.736109 


—— 


2 nun |» wo ww ow 


9.928420 
9.928341 
9.928262 
9.928183 
9.928104 
9.92802 
992794 
9.927867 
9.927787 
9.927704 
9.927628 
9.927549 
9.927469 
9-927 399 
9.927310 
9.927231 
9927151 
9.927071 
9.926991 
9.926911 
9.926g31 
9.926751 
9.926671 
9.926591 
9.926511 
9.926431 
9.926351 
9.926270 


9.926190 


9.926110 


Tang. 


9.795789 
9.796070 
9.796351 
9.796632 
9.796913 
9.797194 
9 797474 
9.797755 
9.798036 
9.798316 


9.798895 
9.798877 
9.799157 
9.799437 
92292717 
9.299997 
9.820277 
2158 
9.800836 
9.801116 
9.801396 
9.80 1675 
9.801955 
9.802234 
9.802513 
9.802792 
9.803072 
9303351 
9 853630 
9. 80 3908 


9.926029 
9.925949 
9.925868 
9.925787 
9925707 


9.804187 
9. 804466 
9.804745 
9.80502 3 
9.805302 


10.204211 
10. 203930 
10. 203649 
10. 203368 
10. 203087 


10. 202806 
10. 202525 
o. 202245 
10. 201964 
10. 201684 


10. 201404 
10.201123 
10. 200843 
ro. zaco 563 
10. 200283 


10. 200003 


10. 199723 
10.199443 
10. 199163 
10. 198884 


10. 198604 
10. 198325 
10. 19804 
10. 19776 
10. 197487 


10. 197207 
10. 196928 
10. 196649 
10. 196370 
10. 196091 


10. 195813 


10.195534 
10. 19525 5 
18 
10. 19469 


9.925626 
9 925545 
9 925465 
9.925394 
9-92 5303 
9.925222 
9.925141 
9.925051 
9.924979 
9.924857 
9.924816 


9.924653 
9.924.572 
9-924491 
9.924409 
9 924328 
9.924246 
9.924164 
9. 924083 
9.924011 
9.923919 
9.923837 
9.923755 
9.923673 
9-92 3591 


FRY 


Sine 


9-92473519 


9.855580 
9.805859 
9.806137 
9.806415 
9.806693 


9.806971 
33 
9.507527 
5 $0180, 
9.808083 
9.808361 
80860 38 
9.808916 
9.809793 
9.809471 
9.809748 
9.810225 
9. 8 10302 
9.810580 


Worg 
9.811134 


9.811410 
9.871687 


9.877964 
9.812241 


E287 


10.194420 
10. 194141 
10. 193863 
10. 19358 5 
10. 193307 
10. 103029 
10.192751 
10. 192473 
10. 192195 
10. 191917 


10. 191639 
19. 191362 
10. 191084 
10. 190807 
10. 190629 
10. 1902 52 
10.189975 
10. 189697 
10. 189420 
10. 189143 
10. 188866 
10. 188 589 
10. 188313 
10. 188036 


10. 1877 50 
10. 187483 


Tang. | 


Secant. 


10.071 

160 
10.071737 
10.071817 
10.07 1896 
10.07 1975 
10.072054 
10.072133 
to. 72213 
10.072292 
0.072371 
10.072451 
10.972530 
10.072610 
10.0726 90 
10.072769 
10, 72849 
10.072929 
10. o/ zoo 
10. 07 3089 


10.073169 


10.0 3249 
10.07 3329 
10.07 3409 
10.07 3489 
10.073569 
10.07 3649 
10.073” 3O 
10.0738 10 
10.073891 
10.073971 
10.074051 
10.074132 
10.074212 
10.074293 


10.074374 
|| 9.074455 


10.074535 


10.074616 
10.074697 


10.074778 
10.0748 59 


10.074940 
10.07 021 
10.075103 


10.075184 
10.07 f 
10.7534 

10.07 5428 
10.07 5509 
10.075591 
10.075672 
10,0757 54 
10.075836 
10.075917 
10,07 5999 
10.076080 
10.076163 
10.076245 
10.076327 
10.076409 


10.275790 
10.275588 


10. 275386 
10.275184 
10. 274983 


10.274781 
10.274580 
10.274378 


10.274177 
10. 273976 


10.273775 
10.273574 
10 273374 
10.273173 


10.272973 


10. 272772 
10.272572 
10.272372 
10.272172 


10.271972 


10.271773 
10.271573 
10.271374 
10.271175 


10. 270076 


10.270777 
10. 270578 
10.270379 
10. 27018 
10.269982 


10. 269783 


10.269 58 5 
10. 269387 
10.269189 
10.268991 


10. 26879 
10. 268 59 
10.268398 
10.268201 
10.268004 


10.267807 
10.267601 
10.267413 
10.267216 
10. 267020 


10. 266823 
10.266627 
10.266431 
10.266235 
10.265039 


10.265843 
10.265647 
10.265451 


10.266256 
— {of 


—— ͤ äZü˖“rw'WrTWe 


10.264865 
10.264670 
10.264475 
10. 264280 
10. 264086 
10.264891 


Secant. 


57 Degrees. 


err 


* 


r r 


33 Degreds. 


9.736103 
9.73630 

9.73649 

9.736692 
9.736886 
9.737080 
9.737274 
9.737467 
9.737661 
9.727855 
9.733048 
9.738241 
9.738434 
9.738627 
9.738820 
9739013 
9.79205 
9.739398 
9.739590 
9.739783 


— — 


9.739975 
9.740167 
9.740359 
9.740570 
9.240742 


9.740934 
9.741125 
9.741316 
9.741507 
9.741699 
9.741889 
9.742080 
9.742271 
9.742462 
9.742652 
9.74842 
9.743032 
9.743222 
9.743472 
9129.243602 
9.743792 
9.743982 
9.744171 
9.744361 
92455 


9.744739 
9.744928 
9745117 
9.745 30b 
9.245494 
9.748683 
9.745871 
3.246253 
9.74624 

49.746436 


Se 00 Eee "WIN | 


11 


9.923591 
9-923509 
9 923427 
9.923345 
9.923263 
9.923180 
9.923098 
9.923016 
9.922933 
9922057 
9.922768 
9.922636 
9.922603 
9.922520 
9.922 38 
99922355 
9.922272 
9.922189 
9.922106 
9-922023 
9.921040 
9.921857 
222257 
9.921691 
9.921607 


9.921524 
9.921441 
9921357 
9.921274 
9.921190 
9.921107 
9.921023 
9.920939 
9.920855 
9.820772 
9.920688 
9.920604 
9.920520 
9.920436 
2920382 
9.920268 
9.920184 
9.920099 
9.910015 


9-919931 


9.919846 
9.919702 
9.919677 
9.91959 

9.919424 
9.919339 
9.919254 


9.919169 


9.919084 


Tang. 


9.812517 
9.812794 
9.813070 
9.313347 
9.813623 
9.813899 
9.814175 
9.814452 
9.814728 
9.815+ 04 


10.18748; 
10. 18720 
to. 1869 30 
10. 186653 
10. 186377 


10. 18610. 
10.185824 
10.185548 
10 185272 
10 184996 


9.815279 
9.815555 
9.915831 
9.815107 
9.816382 
9.816658 
9.816933 
9.817209 
9.817484 
9817259 
9.818035 
9.818310 
9.818685 
9.818860 
8791735 
9.819410 
9.819684 
9.819959 
9.810234 
9.810508 
9.820783 
9.821057 
9.821332 
9.821 

9.821880 


9-222154 
9.822429 
9.822703 


9.822977 
9.823250 


10,184720 
10. 184445 
10.184169 
10. 1838 93 
10 183618 


10. 183342 
10.183866 
10. 182791 
10. 1825616 
10. 182240 


10. 181965 
10. 192008 
10.181415 
10.181140 
10.180865 


10. 180590 
10. 180316 
10. 180041 
10. 179766 


10.179492 


10.179217 
10. 173383 
10. 17866 


10. 178394 
10. 178120 


10. 177845 
10.177571 
10. 177297 
10. 177023 


10. 176749 


10.0771. 9 


Secant. 


10,076409 
10.c76491 
10.076573 
10.076655 
0 076737 


10 076819 
10.076902 
10.0 ; 6984 
10.077c67 


10.077232 
10.077 314 
10.077 397 
10.077479 
10.077562 


10 077645 
10.077728 


10.077811 
10.077894 
0.077977 
10.078060 
10.078 143 
10.07822 

10.978309 
10.078393 
10.078476 
10.078559 
10. 07864 

. 
10.0788 10 


10.078893 
10.0789 77 
10.079061 


10.079144 
10079228 


10.079312 
10,0793c6 
10.0794 80 
10.079 564 
10.079648 


9.823524 
9.823798 
9.824072 
9-324345 
9.824619 
9.824893 
9.825166 
9.825439 
9.825713 
9.825986 
9.826259 
9.826532 
9. 826 5 
9.82707 

9.827351 


9.746624 
6 | 9.746811 


21 9.746909 


9.747187 
9.747374 
— 7 


9.919000 
9.278828 
9.918830 
9.918744 
9.918659 
9.918574 
Sine 


9. 827624 
9.822897 
9.828170 
9.828442 
9.828715 
9.328987 


| 


10.263891 
10.263697 
10. ⁊63 502 
to. 263308 
10.263114 


10. 26292 
10.262726 
10 262532 
10.262339 
10. 262145 


10.2619 5 
10.261759 
10.261566 
10.267373 
10. 261180 


10. 260987 
10.260794 
10. 260602 
10. 2604 10 
10. 260217 


10. 260025 
10. 259833 
10. 259641 
10. 22944 

10.2592 5 

10. 259066 
10.258875 
10.2 58684 
10. 258492 
10.258301 


10. 258 110 
10. 257920 
10.257729 
10. 257838 
10. 257348 
10.257158 
10 256967 
10.256 
10.256587 
10. 2 56398 


10. 176476 
10. 176202 
10. 175928 
10.175054 
10.175381 


—mC— —— 


10. 175107 
10. 174834 
10.174861 
10. 174287 
10. 174014 
10. 173741 
10. 173468 


10. 173195 
10.172922 


10 172649 


10. 172376 
10.172 193 


10. 171830 


10.171858 
10 171285 
10. 171013 


— — 


Tang. 


10,080c6g 


10.080492 


10.080915 


10. 0g 1426 


10.079732 
10.079816 
10.079901 


10.079985 


10. c80154 
10. c 802 38 
10.080322 
10.080407 


10.c80576 
10. 80661 
10.080746 
10.080831 


10.08 1000 
10.08 108 5 
10,08117c 
10 081255 
10.08 1341 


10. 2 56208 
10.256018 
10.255829 
10.25 5639 
10, 265 640 
10.255261 
10.25 5072 
10. 254883 


10. 254694 
10. 254 506 


10.254317 
10.254129 
10.253940 


7.28225 
10.253564 


10.253188 


10.252813 
10. 252626 
10.2 52428 


Secant. 


10 253376 | 


10.253cor 


Nesse eee 3431838 288 


rr eget er ORE OD PAR ee A 


56 Degrees. 


O 
0 


A Table of Artificial Sines, 7. 3 and Secants. OY 
34 Degrees. = = | 35 Viper. —— 


3 | 4 I He 71n 
S Sine | Tang. | Secant. | - Sine TP | Secant, 
o| 9.747562] 9.918574 9.828987 10. 17101310. o8 1426 10288437 50 1 © 9.7585979˙•9 IF 9.83 9227 10.154773 10.096635 10.247400 FR 
11 9-747749} 9.918489 A N= 10. 1704 10.8 1511 10.252251 ff x] 9-758772 | 9.913276} 9.845496 | 10.154504 2.088724 10.261225 
29.747936 9.73458 2423155 10. 170468 | 10. . 10.2 5206458 2| 9-753952 9.913187 9.845764] 10. 154236 10. 086872 10. 68 
319.7481231 9.918318] 9 3 10.170195 | 10.081 10.251877 | 57 | 41 9759132 |9-913099 | 9-£46033 | 10. 153952 | 10.086g01 | 10.240863 Pi 
4 9.748310 9.918233] 9. —— 10. 10.169923 10.081767 10.251690 361 44 9:75931219-913010 9846302 10. 153698 | 10. 086990, 10.240688 % 
9.748497 9.918147] 9.830349 | 10. 169651 | 10.081852 10. 25150355 9.759492 | 94912921 | 9. 9.346470 0] 10.153429 | 10.087078 10.240c080-- 
: 9.7486 5 9.830621 | 10. 169379 10.08 1938 10. 25131754 1 9'759672|9.912833 9-246 10.153161 [10.087167 | 10.240328 5 
44 9-91797 1E 10. 169 10% 10.082024 10.251130 [531 719˙7 5985199127449. 127287 10. 152892 10.0872 56: 10. 240145 1 
{ 9.749056 9.27583 9.831155 10. 168835 10.082 109 10.250944 32 $] 9-700031 9.972588 9.847376 [10. Tn 10.087345 | 10.239969 5 
99.249242 9.9178 35 0831437 10,168563 10.082195 10.250757 | 51} gf 9-760211 [9.912566] 9.847644 | 10.152356 | 10.087434 | 10.239789 4 
10 | 9749429 | 9.917719] 9.831709 | 10. 10.168291 10.082287 10, 10.250571 50 10 9.760390 9.912477 | 9-347913 10.152087 10.087 52 23 10.239610 5 
1119.749615 9.917634 | 9.831981 | 10. 168019 10.082366 10. 25038 5 | 49 | xx | 9760569 9.912388 | 9.848181 10.151819 10.087672 10. 2394310 
1219.749801 9.917548] 9.832253 | 10. 167747 10.082452 10. a 509948121 9-769749 9.912299 | 9.348449 10.187885 10. 8770 10. 239252 (3 
13 | 9-749987 | 9.917462 9.352508 10. 167475 10.0825 38 10.250013 [47Þ 13 9.760927 9.912210 9.848717 10.1512 3 10. 087790 10.239073 
1419.250172 9.917376 9.832796 | 10. 10. 167204 10. 082624 10.249828 4614.261106 9-912121 9.848985 10.1014 10.0 


20.887879 10.2 38894 (6 
15 9.7 50358 9.977290 9.833068 | 10. 166932 10.082770 10.249642 45 | 15 | 9-761285 9.912031 9849254 70.150746 10. 10.087968 10.238715}4; 
16 | 9.750543 | 9.917204 | 9.833339 0.16668; 10.082796 10.249457 | 44 {| 16 | 9-701464 [9.911942 | 9.849522 | 10.150478 | 10,088058 10.2385 44 
17 9.750729 9.917118] 9.833611 | 10. 166389 10,082882 a 43] 17 | 9-761642 [9.911853 | 9-849790 | 10.150210|10,088147 | 10.238358. (} 
1819.750914 9.917032 | 9.833882 | 10.166118 20.082968 10.249086 | 42 | 18 | 9-761821 | 9.9117 ; 9.850057 | 10.149942 | 10,088237 | 10.238179 42 
19 | 9-751099 | 9.916945 | 9-341 54 | 10.165846 | 10,083054 | 10.248901 [4119 9.761999 [9.911674 — 10.149675 10. 088326 10.238001 1 
20 | 9.751284 9.916859 9.234425 10.165575 | 10.083141 r10.243716 40 201 9:762177 [9.911584 9-850593 10. 149407 10.088416 10. aal 
2119.751469 9.916773 | 9.334696 | 10. 165304 10.083227 10. 24853439 2119.762356 [9.911495 | 9.85086 18.143352 10.0885og | 10.237644 

22 | 9.751654 | 9.916687 9.834967 | 10.16504 3 | 10.083313 10. 248346 38 22 | 9-762534 [9.911405 15 10. 148871 1008855 10. 2704 5 
239.7571838 9.916600 9.835238 | 10. 164752 10. 08 3400 10.248161 371231 9.762212 [9.91131 9357325 nn 10.088 10. 237288 
24 | 9-752023| 9.916514 | 9.235509 10. 10. 164491 | 10.083486 10.247977 36} 24 | 9-762389 | 9.911226 | 9.851664 | 10. 1.14833 3065724 10-2372 136 


25 9.752207 9.916427 9.835780 780 | 10. 10. 164220 10. 10.083 57 7310.247792 35 2519.763067 9.911136 9.851931 76.748069 10. 88864 10.236933 - 
9.752392 9.916341 | 9.836og5r | 10.163949 | 10.083659 | 10.247608 | 34 26 | 9-70 3245 9-933040 9.852199 | 10.147801 | 10.0889 54 | 10. 23675 

279.7525769 3.376787 3.176505 10. 163578 10.083746 10.247424 331279763422 9.9 910950 9.852465 10. 147534 10.089044 | 10. 2365784 33 
28 9.752760 9 9161 356887 10. 16340 10.08 38 33 10. 247240 32} 28 9.763600 9.910866 | 9.852733 10. 142266 10.089134 10.236400 32 
29 | 9.752944 9.916 6080 9. 9.8368 64 10. 10.163136 10. 08 3919 10.247056 31429 9.763777 9 9.910766 9.853001 10.246999 10.089224 10. 10.236223 1 
3019.753128 9.915994 9.837134 10. 162866 | 10.084006 10.246872 301309 9.763954 9.910686 9.853268 10. 146732 10.089314 10.236000 30 
3119.753312 9.915907 | 9.837405 10. 162 595 3 10.246688 | 29 3x | 9-704131[9.910596 | 9.853535 0 10.089404 | 10-23586g}: a 
32 | 9-753495| 9.915820 9.837675 | 10.162324 | 10.0841 10. 246 5056 25} 32 | 9.764306 | 9.910506 9.853802 | 10.14619 10.5945 4110.235692 

33 9.755872 9.915848 9.837946 | 10. 16271. 10.084267 10. 24632127133 9.764485 9.910415 9.854069 8 10.089585 10.235351 1 
34 | 9-7.538 62 9.91564 6] 9.838216 10.161784 | 10.084354 | 10.246138 26} 24 | 9-764662 | 9.910325 | 9.854336 | 10.145664 | 10. o89 10.089675 10. 10.23533 


35 9.754046 9.915559 | 9.838487 | 10. 10.167573 10.084441 10. 24595425 359764838 9.910235 9.884603 10. 145397 10.08976; 10. 10.235162 26 
36 | 9.754229] 9.915472 9.838757 10. 161243 10.084528 10.245771 | 24} 3 9 9.910144 9.854870 | 10, 125835 10.089856 | 10.234985] 
3219.754412 9.915385 9.839027 10. 160973 10. 84615 10.245588 | 23} 37 | 9-765191 | 9.910054 9.855137 10. 144863 10.089946 10. 234 23 
38 | 94754595 | 9.915297 | 9-839297 | 10.160702 | 10.084703 | 10.24.5405 | 22 38| 9-765307 | 9.909963 | 9-855404 | 10. 244596 10.090037 10.244775 2 
39 | 9-754778] 9.915210] 9.839558 | 10.160432| 10. 084790 10.245222 | 21} 29 9.265540 9.909873 9-855671 | 10. 144329 10. 9012710. 23445 


409.7 54960 9.915123 9.839838 | 10.160762 10.084877 | 10. 4 5040 | 20 40 9.765720 9.90982 9.85938 10.144062 10.0902 18 10.234280 3 
4119.755143 9.915036 9.840108 10. 159892 10.084965 10.2448 57 19 1419.765896 9.909691 | 9.855204 10. 143796 10.090308 | 10. gag 
| 42 9.755326 9.914948 9.840378 10. 159622 10. 08 5052 10. 24467418 42 9766071 | 9.909601 | 9.856471 110. 143529 10.090 399 10.233925 
1439.755508 9.914860 | 9.840647 10. 1593 52 10. 08 5 140 10.244492 17 439.7662479. 9095 10 9.856737 10. 14326 —— 10-233753} "7 
144 9.755690 9.914773 9.840917 IO. 10.159085 10.085227 | 10. 10.244310 16 4449.766423 9.909419 9.857004 10.142996 | 10.090581 | 10-233577 16 
451 9-755372 9.974585 9.847187 10. 10.188873 10.08 5315 10, 10.244128 I5Y 45 | 9.766 599 9.909328 9.857270 10. 142730 10,090672 | 10.233401 10 
469.7560 54 9.914598 9.841457 | 0.153543 | 10.085402 10. 2439461446 9.766774 9.909237 9.857537 10. 142463 10.090763 10.233226 U 
19.756236 9.9145 10 9.841726 | 10. 158273 10. o8 5490 10.243764 13147 9.766949 | 9.909146 | 9.857803 10.142197 10.0908 54 | 10.233051113 
$43]9-756418| 9.914422 | 9.841996 | 10.158004 | 10.08 5578 10.243582 12 48 | 9.767124 | 9.909055 | 9.858069 | 10. 14191 10.090945 10.232876 1 
49 | 9-7 56600 | 9.914334 | 9.842266 10.157734 | 10.085666 10. 24 34c0 | 11 49 | 9-767290 9.903964 | 9.858336 | 10.141664 | 10.09 1036 10.232700}1! 
50 9.756781 9.914246 9.842535 10.157465 | 10, 085754] 10. 24321810 50 94767475 9.908873 9.858602 5 10. 91127 10.232525 
5119.756963 9.914158 9.842805 10.15719c | 10.08 5842 10. 243037 
52 | 9757144] 9-914070| 9.843074 10. 156026 10. o8 5030 10. 2428 56 
5319.757126 9.913082 | 9.843343 | 10. 156669 10.086018 10.242674 
149.2528 9.913895 9.843612 | 10.156388 10. 086 106 10.242493 


5119.767649 | 9.903781 | 9.858868 | 10. 141132 10.091219 10.232351 
152 9-7 07824 9.908691 | 9.859134 | 10.140866] 10.091410| 10.232176 
9.767999 | 9.908599 | 9.859400 | 10. 146600 10.091401 | 10. 232001 
54 | 9-768173 | 9.908507 | 9.854666 | 10.440334 | 10. 10.091493 | 10- 231826 


00 
ON 
Ga 


7 

6 

551 9.757688 9.913806 9.843382 | 10.156138| 10.08619, 4110.242312 5 58 9.768348 9.9084 16 9.859932 10. 140068 10.09 1584 104231652] 5 

5 3.757869 9-913718| 9.844151 | 10. 155849 10. 086282 10. 2421314 56 9.768 5229. 908 324 9.860198 10. 139802 [10.091676 10.231478] 

29.758049 9.913630 9. 844420 10. 155580 10.086350 10 241950 | 3 5719.768697 9.908233 9.860464 10. 139536 10.091267 10.231303 3 

1589.758230 9.913541 | 9.844639 10. 155311 10.086459 | 10.241770 | 2 589.7688719. 908 141 9.860 30 10. 139270 10. C918 59 10.231129! 
159 | 9.758411] 9-913453] 9-844958 | 10.155042 | 10. x oY 10.241589 | 1 Y 59 9.769045 9.25704 9 86099 510. 1390005 10.091951 10.230955 
[60 | 9.758591 | 94913364 | 9.345227 | 10.154773 | 10.08 10.241409 | 2 { 60 [9.769219 | 9.907958] 9.861261 | 10.1387 39] 10.092042 10.230781. 
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A Table of Artificial Sines, Tangents and Secants. 


30 Degr Fees. 


57 Degrees. 


Sine 


9.769219 


15759392 


9.769506 
9.769740 
9.709913 
9.770087 
9. 770260 
9 970433 
9.77 

9.770779 
9.770952 
9. 771125 
9+ 771298 
9.771 zolg 
9.771642 
9.771815 
9.771987 
9.772159 
94772331 
9.772503 
9772675 
9.772847 
9.773018 9 
9.773190 
9.773361 


9.778803 


773704 
9.773875 
9.774046 
9.774217 
9.774388 
9.774558 
9.774729 
9.774899 
9.775070 


9.775240 
9.775410 
9.775580 
9.7757 50 
9.775920 


9. 9.776090 
9.7762 59 
9. 776429 
9.77659 

9.776768 


9.907988 | 
9.907866 
9907774 
9.907682 
9-907 590 


9.997498 
9.90740 
9.907314 
9.907221 
9.907129 


619.8628 5 
9. 225 
9. 36285 
9. 8536 50 


Tang. 


8671261 
4 867527 
9.861792 


9.862323 
9.86258 


2 — 


9.90 
2 — 2 
O 
9 356667 

9•9 —— 
9. 906482 
9.906389 


9.906296 
290 906204 


9.906018 
288325 
9.905832 

9.255 -905739 

9.85645 


9.905366 
9.905272 
9.995179 
9.905085 
9.904992 
9.904899 
9: 904304 
9.904771 
9.904617 
9.904 523 
9.904429 
9-904335 
9.904241 
9.904147 
9.904053 
9-903959 
9. 903864 


9.776937 
9.777106 
9.777275 
9.777444 
9. 922813 
9. 777781 
9.7779 50 
9.78119 
9.778287 
42778455 
5519. 78623 
669.7787902 
79.778960 
9809. 779128 
9 9.77929 5 
— 229463 


— ä 


9.903770 
9.903676 
9.903581 
9.903487 
9.903392 
9.903298 
9. 90320 

9.90310 

9.903014 
9.992919 
9. 902824 
9.902729 
9.902634 
9.902539 
9.902444 
9.902349 


Sine, 


9.906111 9.8 


9.908859 
9.905479 9 


9.869737 
9.870 
9.870265 
9.870529 
9.870793 
9.871057 
9.871321 
9.821885 
9.871849 
9.872112 
9.872376 
9.872640 
9.872903 
9.873167 
9.873430 
9.872694 
9.803957 
9.874220 
9.874484 
9.874747 
9.875010 
9-37 527 

9.87553 

9.875800 
9.876063 
9.876326 
9 876589 
9.876851 


9.862058 f 


E 879114 


U 


10.138739 
10. 13847 
10. 13820 
aL xn 
1 10-13767 71 


10.136015 


10. 1363 50 


10. 13608 5 
10. 135820 


10.135555 
10. 135289 


10. 135024 


10. 134760 
10. 134495 
10. 134230 


10. 133965 


10.133436 
10. 133171 
10. 132906 
10. 132642 
10.132377 
10. 13211 

to. 1318 


10. 131584 
10. 131320 


10. 131055 


7 


10. 133700 | 


10.130792 | 


10.130527 
10. 130263 
10. 129999 


10. 129735 


10. 129471 
10. 129207 


10. 128943 
10. 128679 
10. 1.12841 5 


10.1281 51 
10. 127888 
10. 127624 
10. 127360 
10. 127097 


10. 126833 
10. 126570 
10. 126306 
10. 126042 
10. 125780 


10. 125516 


10. 125253 
10. 124990 
10. 124727 


10.124463 


10. 124200 
10.123937 
10. 123674 
10.123411 
10. 123148 
10.122886 


"Fang. ng. 


Secant. 


10. 92042 
10.092134 
10. 92226 
10.092318 
10. 0924.10 
10. 9a 50 


1 77416 
10. 137146 [10.092594 
10.7 278 Pho. 992886 


10.092778 
10.092871 
10.092963 
10. og 305 5 
10.093148 
10.093240 
10.093333 


10.09342 
10. 09351 
10 093611 
10. og 3704 
10.093796 


10.093889 
10.093982 
10. 35505 5 
10.0941 

10. —_— 


10.094.35 
10. 09444 
10 094541 
10. 94634 
10.994228 
10.094821 
10. 09491 
10. og 500 
10.095 102 
10.095196 
10. o9 5289 
10. 095383 
10. 09 5477 


10.095571 
10. og 566 5 


10.095759 
10. 98853 
10.09 5947 
10.096041 


20.096 136 
10. og 30 
10.096324 
10.096419 


10.096513 


10.096608 
10.096703 
10.096797 
10.096892 
10.096986 
10. 10.097081 


10.097776 
10.097271 
10.097366 
10.097461 
10.097556 
10.097651 


10.230781 
10. 23060 


10.230434 


10. 2 30260 
10. 230087 


10.229913 
10. 229740 
10. 229 5670 


10.229394 
10.229220 


to. 22 10.229048 
10.2288 5 
10. 228702 
10. 228 520 
10.228357 


1o. 10.228180 
10. 228013 
10.227841 
10.227669 


10.227497 


10.227325 
o. 227 187 
10.226981 
10. 226810 
10.226639 


10.226467 
10. 226296 


10. 226125 


10.225954 
10.225783 


10.225612 


10.22 5442 
10. 225271 
10.225 101 
10. 224930 


10.224760 


10. 224590 


10.224420 
10. 2242 c0 
10. 224080 


10. 2239 10 
10.223741 
10.223571 
10.223402 
10. 223232 


10.223063 
10.222894 
10. 22272 $ 
I0.2225 $0 

10.222 387 
10.222218 
10.222050 
10.221881 
10.221713 
10.221545 


10.221376 
10. 221208 
10. 22 1040 
10.220872 
10. 220705 
10.220537 


Secant. 


er n coo 8 


53 Degrees 


5 


—— 


D 890 7 9 we o un 


Sine 


9.779463 
9.779631 
9. . 
9. 7799 

9.780133 
9. 9.7803co 
9780467 
9.780634 
9.780801 
9.780968 


9.902349 
9.902252 
9.902158 
9. 902063 
9201957 
9.981872 
9.901776] 
9.901681 
9.901585 
9.901489 


Tang. 


9.577114 
333 

9 977040 

9.877903 
9. 9878165 
9. 9.878428 
9.878691 
9.378953 
9.879216 
9.879478 


9.781134 
9781301 
9.781467 
9.781634 
9.781800 


9.781966 
9.782132 
9.782298 
9.782464 
9.7 826 30 
782796 
3782982 
9.783127 
9.783292 
9.783457 
9.783623 
9.783788 
9.78395 
9.78411 
9.784282 


9.784447 
9.784612 
9.784776 
9.784941 
9.785105 
9.785269 

9.785433 
3.737527 


819785761 


9 | 9:785925 


9.736089 
9.786252 
9.786416[ 9g 
9.786579 
9.786742 


9.786905 
9.787069 
9787232 
9. 727285 


9-901394 
9.901298 
9.901202 
9.901106 
9901010 
9.900914 
9.900818 
9.900721 
9.90062 6 
9.900529 


9.879741 
9.88c003 


9.88026 

9.880 52 

9.880790 

9*881052 

9.5 1212 
9.88157 

4 88183 

9. 382157 


9· 90043 
9.900337 
9.900240 
9.920144 
9.900047 


9-899951 
9. 333577 
9.8997 
9. 899585 
9.899564 
9.899467 
9.899370 
9.899273 
9.899176 
9.899078 
9. 238834 
9.89888 
9. 358787 
9.898689 
9.898 592 


9.882363 
9. 382825 

9. 882889 
9.883148 
9.883410 
9.883672 
9.883934 
9.884196 
9.884457 
9.884719 
9.884980 
9.585242 
9.888565 
9.88 5765 


8 9.886026 88602 


9. 9.886288 


9.836549 
9.886810 


9 887072 
9.887333 


9.898494 
9. 3585 295 


4 der; 
9.8 808104 
9,89 8006 
9.897908 
9.8978 10 
9.897712 
9.897614 


9.897516 


9.897418 
9.897 320 
9.897222 


370] 9.897123 


9.897025 
9.896926 
9896828 
9.896729 
9.896631 


429. 896532 


sine 


9.837594 
9.83785 
9.838811 
9.888377 
9.888639 
9. 888900 
9.889160 
9.889421 
9.889682 
9.839943 
9.890204 
9.890465 
9. 290725 
9.89098 
9.891247 
89 7507 
4 891768 
9.892028 
9.892289 
9.892 849 
9. 892810 


| — 


7110.122623 
10. 122360 
10. 122097 
10. 121835 


10.121572 
10. 121309 
10. 121047 
10. 120784 
10. 120522 


10. 1202 59 


10.119997 


10.119735 
10.119472 


10. 119210 


10. 118948 
10. 118686 
6 | 10.118423 
10. 118167 
10. 117899 
10.117637 
10.117375 
10.117113 
10. 1168 52 
10. 116590 


10. 116328 
10. 116066 
10. 11 5804 
10.115543 
10.11 5281 
10.115019 
10.114758 
10. 114496 


10. 114235 
10.113974 


ag (hom 
10.113450 
10.1131 
10. 11292 
10. 112667 


10. 112406 
10. 112145 
10. 111883 
10. 111622 
10.111361 


10. 111100 
10. 110839 
10. 11057 
10. 11031 
10. 110057 


10. 109796 


10. 109535 


10. 109275 
10. 1090 14 


10. 108753 


10. 108493 
10. 108232 
10. 107971 
10. 107711 
10. 107451 
10. 107190 
Tang. 


| 
| 


Secant. 


10. 122886 10.c97651 


10.697747 
10.097842 
10.097957 
10.098033 
10.098128 
10.098224 
10.0983 19 
10.0984 1 5 
10. 08 5 10 
10. c 98606 
10. 093702 
10.098798 
10. 98 894 
10. 098 990 
TO, 099086 
10.C99182 
10.099278 
10.099374 
10.099471 


10.099567 
10.099663 
10.099760 
10.0998 56 
10.099953 
10. 100049 
10. 100146 
10. 100243 
10. 100340 
10. 100436 


10. 100533 
ro. 1006 30 
to. 100727 
to. 100824 
10. 100922 
10.710107 101019 
10. 101116 
10. 101213 
10. 101311 
10. 101408 


10. 101 506 
10. 101603 
10. 101701 
10. 101798 
10. 101896 


10. 101994 
10. 102092 
10. 102 190 
10. 102288 
10. 102386 


10. 102484 


10. 102 582 
10. 102680 
10. 102778 
10. 102877 


10. 102975 
10. 103073 
10. 103172 
to. 103271 
10. 103369 
10.103468 


10.220537 
10. 2203069 
10.220202 
10. 220034 


19.219867 


10. 2 19700 
10.219533 
10.219360 
10. 219199 
10. — 
10. 218866 
10.218599 
10.218532 
10. 218366 
10. 19.218190 


10.218034 
10.217868 
10.217702 
10.217536 
1.212320 
10. 217204 
10. 217039 
10. 21687 

10. 21670 

10.216542 


| 10.216377 | 


10.216212 
10. 216047 


10. 215882 
10. 1215218 


10.279553 
10. 213380 


10.215224 
10.215059 
10. 21489 5 


10.2147 I 
10.21456- 


10.214403 


10.214239 


10. 2 14075 


10.213911 
10. 213748 
10. 213584 


10. 213420 
10.2132 58 


10. 2 13094 


10. 212931 


10.212605 
10.2 12443 


20.322280 | 
10.212117 
10.211955 
10.211792 


10. 211630 


10.211467 
10. 21130 
10.211143 
10. 2 10082 
10. a 10820 
10. 210658 


— — — 
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A Table of Artificial Sines, Tangents and Secants. 


— —— — | — — —— 
| 38 Degrees. 39 Degrees. 

: | * 8 * ann ny 25 3s — 
E Sine Tang. Secant. = Sine | Tang. | Secant. 
3 — —1 — 1 —ͤũA— 2 | — _©_ — — * —— — = ; —— 
09.789 342 | 9.896532 [9.8928 10 10. 10% 190 10. 103468 10. 2 10658 60 of 9.798872 9.890 503 9.908369 | 10.091631 10. 10949710. 201 128 
I | 9.789504 [9.896433 | 9.893070 regis > to. 103567 10.2104. 96] 5 I} 9.799028 | 9.390400 9.908627 | 10.091372 | 10, 109600 | 10.206972 
2 | 9.789665 3.396438 9.893331 10. 106669 10. 103665 10. 210335 58 2| 9.799184 [ 9.890298 | 9.908886 | 10.091114 10. 109702 f 10. 2008 16 
3} 9.789827 | 9.896236 [9.893491 10. 106409 10. 103264 10. 210173057 J 3] 9.799339 9.890195 | 9.909144 | 10.0908 56 10. 109805 7 
49.289988 9.395735 9.893851 1.151491. 1038631. 21012 5 . 4| 9.799495 [9.390093 | 2.909402 | 10.0g0598 | 10. 109907 | 10:200505 
9.790149 | 9.896038 [9.894111 | 10.105889 | 10, 103962 | 10. 2098 510 55 9.799651 f9. 9.889990 9.9 909660 10.090340 10. 1 10010 10,20034 

8 9.790310 9. 895939 9 894371 —. ro. 104061 10. 209690 54 : 9.799806 9.889888 89.999 78 to. ogoo8 11 10. 110112 10.200193 
719.79 79.895840 [9.394632 10. 105368 10. 104 160 10. 209528 53 / 9.799962 | 9.389785 [9.910177 | 10,039823 | 10.110215 | 10,200038 
89.790632 | 9.895741 | 9.894892 | 10.105108 | r0.104259 | 10.209367] 52 8] 9.800117 [9.889682 | 9.910435 | 10.089 565 | 10.110318 | 10, x9988 
_9|9-790793 9.995641 [9.895152 10. 104848 10.104359 10-209207| SIN 9 9.800272 [9.389579 9.920693 10.089307 10. 110421 10. 10. 199728 
101] 9.790954 | 9.895542 | 9.895412 10. 104588 10.104458 10. 209046 50 10 9.880427 [9.889476 | 9.910951 10.089049 049 | 10. 11052 70.1995 
1119.791115 9.895443 | 9.895672 10. 104328 10. 104557 10. 20888 5 49 11] 9.800582 [9.889374 | 9.911209 | 10.088791 10. 11062 10.299418 

12 9.791275 | 9.895343 9.895932 10. 104068 10. 104656 10. 208725 48 12 9.800737 | 9.889271 | 9.911467 | 10.088 533 10. 110229 10. 1992624 
13 9.791436 9.895244 | 9.896192 10. 103808 | 10. 104756 10. 208 564 47 13 9.800892 [9.889167 | 9.911724 ——— 10. 110832 10. 199 108 


14.291596 | 9-895144 | 9.895452 10.103548 10.104855 10. 20840445 14 9.801047 | 9.889064 | 9.911982 | 10. 8801810. 110936 [49.198953 
9.791757 | 9.895045 [9.896712 10. 103288 10. 104955 10. 2082431451 9.801201 9.388961 [9.912240 | 10. 10.087760 10. 111039 10. 198708 
9.791917 | 9.894945 | 9.896971 10. 103029 10. 10505510. 2080830 4416 9.8013 569.8888581 9.912498 | 10.087 50 10. 111142 | 0. 198644 
17 9.792077 | 9.894846 [9.897231 10. 102769 10. 105154 10. 207923043 17 | 9.801511] 9.888755 9.912756 — 10. 111245 10. 198489 
9.792237 9. 894746 [9.897491 10. 102 509 | 10. 10525410. 2077630 42 18] 9.801665 | 9.888651 | 9.913014 | 10.0869 10. 111349 J 10. 198335 
9.792397 | 9:894646 9.897751 | 10.102249 | 10,105354 | 10. 207603] 41] 19] 9.801819 | 9.888548 | 9.913271] 10.086729 | 10.111452 | 10. 198181 
201] 9.792557 | 9- $94540 9.898010 10. 10199 10,105454 | 10. 20744; 4020 9.801973 9.888444 | 9.913529 | 10.086471 10.111556 10. 198026 


my bw 
ous | 


|S & 


2119.792716 4 9.594446 [9.898270 10. 101730 10. 105 554 10. 20728439 21 | 9.802128 9.888341 | 9.913787 | 10:086213 | 10. 111555 10. 1978/72 
229.7928769. 894346 | 9.898530 10. 101470 10. 105654 10. 207 124 38 22 9.802282 | 9.888237 | 9.914044 10.08 5956 10.1117 10. 197718 
23 


9-793035 | 9-394246 [9.898789 | 10.101211 | 10.105754 | 10. 206964 37 | 23 | 9.802435 | 9.888133 | 9.914302 | 10.085698 | 10.111866 | 10.197564 
24 9-793195 | 9.894146 [9.599049 Þ 10. 100951 l 10.1058 54 | 10. 205805 36124 9.852339 9.888030 9.914.560 10.085440 | 10. 111970 | 10. 197411 


25 9793354 9.8940 56 9.899308 10. 100692 10.105954 10. 206646 35125 9.802743 9.887926 9.974877 10. 085183 10. 11207 10.197257 
2619.793513 9.893996 2.352927 10. 100432 10. 106054 10. 206486 34 26 9.802897 | 9.887822 | 9.915075 | 10. 1865 10. 112178 10. 197103 
27 9.793673 9.893846 9.899827 10. 10017310. 106154 10.206327 33 27 | 9.8030co | 9.887718 [9.915332] 10.084668 10. 112282 10. 1969 60 
2819.793832 9.893745 9.938086 10. 999 13 10. 106255 10. 2061680 32 28 9.803204 | 9.887614 | 9.915590 | 10.084410 10. 112386 — 
2919.793991 9:393645 9900346 10. 10.0996 54 10. 106355 10. 206009 311291 9.803357 9.887510 9 9.915847 10.084153 10. 112490 10. 196643 


3019.794150 9.353744 9.908605 10. 09939 5 10. 1065456 10. 2055 50 30 J 30 9.80310 9.887406 9.976704 10.083895 10.112.594 10. 196489 
31 | 9.794308 9.893444 |} 9-9-0864 | 10.099135 10.106 556 10.205692 29 3719.803664 9.887302 | 94916362 — 10. 112698 | 10. 1963 
32 9.794467 [9.893343 9.901124 10.098876 10. 106657 10. 2055330 28 32 9.8038 17.887198 | 9.9x6619 | 10.083381 10. — 10. 196183 
33 | 9.794626 9.893243 9901383 | 10.098617 | 10. 106252 10. 2053742233 9.33225 9.887093 9.916876 10.083123 10. 112907 — 
34 | 9-794784 [2-893142 19-900008 | 10.098358 10. 10.106858 10. 205216026134 9.804123 9.836989 | 9.917134] 10.082866 10. 113011 | 10. 196877 


359794942 [9-893041 [9.901901 | 10.098099 | 10. 1 7075 10.205057] 25035) 9.804276 | 9.886885 | 9.917391 | 1.082609 10.113115 10.195724 
361 9.795101 9.392840 9 902160 10.097840 10. 107050 10.204899] 2436 9.804428 9.886780 | 9.917648 10.082352 10. 113220 10. 195572 
3719.795259 $9- 322539 9.902419 f 10. 097580 | 10. 107160 10. 204747 23 37 | 9.804581 | 9.886676 | 9.917905 | 10.082095 10. 113324 10. 195419 
3819.795417 9. 89273 9.902679 10.097321 T0. 107261 10. 2045830 22 138 9.804734 | 9.386571 | 9.918163 10.08 1837 10. 113429 10. 19 5266 
39 9.795575 9.892637 [9.902938 | 10.097c62 10. 107362 1.204425 2139 9.8 80488 6 | 9.386466 | 9.918420 | 10. 031580 | 10.113534 — 
401 9+795733 9.892536 | 9.903197 | 10.096g03 10.107463 10. 204267 20 40] 9.805038 9.886362 9.978677 10. o8 1323 10. 113638 J 10. 194961 20 
4179.795891 9.892435 9.903455 | 10.096544 | 10. 107 565 10. 204109 19 41 9.805191 | 9.886257 | 9.918934 | 10.08 1066 10. 11374 — 19 
42 | 9.7 96049 £ 892335 [9-903714| 10.096286 10. 107666 | 10.203951] 13 42 9.805343 | 9.886152 | 9.919197 | 10.08080g | 10. 113848 10. 194657 | 13 
| 43 | 9-796206 9.892233 þ9-903973 | 10.096028 | 10.107767 | 10. 203794017143 p.tos 9519.886047 | 9-919448 10. 08055210. 113954 10.194505 | 17 
44 | 9+796364 [9.892132 94904232 | 10.005768 | 10.107868 | 10-203635 168 44] 9.805647 | 9.885942 | 9-919705 | 10. 10. 80296 10.114058 1.19438 16 


——— — — 


459.7962 19.892030 [9.904491 | 10.095509 | 10. 10797 10. 203479 15 45 Dn 9.835337 [9.919962 | 10. 10.08003 10. 19. 4 10. 19420115 
46 9.796679 | 9.891929 [9.904750 | 10.095250 | 10. 108071 10.203321 14 £46] 9.805951 | 9.885732 | 9.920219 | 10.079781 10. 114268 10.194049 } 14 
4719.796836 1 8918279 905008 10. 09492210, 108 173 70.203164 13 £47] 9.806103 | 9.885627 | 9.920476 | 10.079524 10. 114373 10.193897 | 3 
48 9.796993 9.391726 9.95267 10.094733 10. 108274 10 203007] 1248] 9.8062 54 | 9.885521 | 9.920733 | 10.07 9267 | 10. 114478 10. 193746 | 1 
49 | 9+ 197252 f 0.891624 [9- 995526] 10.094474 | 10.1c$376| 10. z028 500 111499. 806406 9.885416 9.929990 | 10.079010 10. 114584 10.193594 | !! 
50 9.797307 9.891523 9-905784 | 10.094215 a=ges 1 5 10.202692] 10 50 9.g06557 | 9.885311 | 9.921247 | 10.078753 | 10. 114689 10.193442 | 1 
| 9-797464 | 9.891427 | 9-90904.3 70.093957 I 10. *. 1 10.202736 5119.886709 | 9.885205 [9.921507 | 10.078497 | 10. 114794 | 10.193291 
52 | 9.797621 | 9.891319 9.906302 10.093698 | fo. 1082 10. 202379 52 9.806860 9.885 100 | 9.921760 | 10.078240 10. 114900 10.1934 
5319.797777 [9.891217 9.906 560 10. o9 3440 10. 1 2483 10.202222 53| 9.807011 | 9.884994 9.922017 | 10.077983 | 10.115005 | 10.192889 
54 | 9797934 | 9+891115 9.906 19 10.093181 10. 10888 5 10. 202066 54 | 9.807163 | 9.384889 9.922274 10.077726 10. 115111 104192937 
55 9.79809 | 9.891013 [9.907077 | 10.092923 | 10. 108987 10.201909 55] 9.807314 [9.334733 | 9.922530 | 10.077470 | 10.115217 10. 192686 
50 19.798247 | 9-$909II 9 S740 10. 092664 10, 109089 10.201753 6 9.807465 | 9.384677 | 9.922787 | to 077213 1.115322 10.194535 
1579.798403 9.590809 9.907 59410. 92406 10. 109191 10.201597 579.8076 15 9.884572 [9.923044 10.076956 10. 115428 10.192385 
589.798 5609.890207 [9.90785 275 10. 109293 10. 201440 58 5 9.884466 | 9.923300 | 10.076700 f 10. 115534 10.192234 
599.7987199. 890605 2 10. 09 1889 | 10.109395 | 10.201284 59 9.832 9.884360 [9.923557 | 10. 079443 10. 115640 10.192083 
1699.798872 [9.899593 | 9.908369 z —. 10.281128 5808067 9.884254 | 9.923813 | 10.076186 10. 10.115746 | 10-191932 
Sine Secant, "Sine png Tang. | | Secant. 


51 Degrees, 50 Degrees. 
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A Table of Artificial Sines, Tangents and Secants, 71 
40 Degrees. wht: 


41 Degrees. 


| 


|| 


Sine, Tang. A Secant, | Sine Tang. | Secant, 


| 


To8c67 | 9.884254 | 9.923813 10.076186 | 10.115746 | 10. 191932 60 
808218 | 9.884148] 9.924070 | 10.075930 10. 115852 10. 191782 59 
9.808368 9.884042 | 9.924327 | 10.075673 10.115958 r 58 
9.308 5199.883936 9.924583 10-075417 | 10.116064 | 10.1914 1 

9.308669 9.88 3829 9.924840 10. 75160 10. 116170 10. 191331 
9808819 9.88 37231 9.925096 | 10.074904 | 10.116277 10. 191180 55 
9. 88969 9.833617 | 9.925352 10.074648 10116383 der 54 


— 1 — 1 — —Ü·ꝛUu—„¾„S¾ x —— — ů1 = — — — — 1 — 


9.816943 9.877780 9.93916 e 10 12222010. 18305 [60 
9.817083 | 9.877670 4 $4444; 10.060582 | 10.122330 | 10. 132919 [59 
9.817233 | 9-877560 | 9.939673 | 10.060327 | 10.122440 | 10.132767 [58 

9.877450 9.939928 | 10.060072 r 10. 182621457 
9.817523 | 9.877340 9.940133 | 10.059816 10.122660 to. 182476 [56 


— —_ — — — —— —— — — 


9.317668 9.877230 9.940438 10.059561 10.122770] 10.132331 155 
9.817813 | 9.877120 9.940694 10.059306| 10.122880 to. 18218754 
9.809 119 9 883510 9.925009 | 10.074391 10. 116490 10.1908 9.817958 | 9.877010 9.940949 | 10.059051 10. 12299010. 182042 153 
9.809269 9883404 9.925865 | 10.074135 10. 116596 10. 190731 52 9.818103 9.876899 9.941204 | 10. 058796 10. 123101 [10.181897 | 52 
9.809419 9.883297 | 9.926121 10.07 387! 10. 116703 10. 19058181 9.818247 9.876789 9.941453 | 10.058541 10. 12321110. 18175251 


9. 809 56 8831901 9.926378 | 10.073622 10. 116809 10. 190431 50 09.818392 | 9.876678] 9.941713 10.058286 10. 12332110. 18 1608 50 
2977 9.383034 4 * 10.073366 10. 116910 10.190182 49 171988536 9.876568 9.547965 ro. 058032 10.123432 110.13 1464 149 
9.809868 | 9.882977 | 9.926890 10.073110 1.117023 . 48 7219.818681 [9.876457 9.942223 10.057777 10. 123543 [10.181319 [48 
13] 9.810017 | 9.582871 | 9.927147 o. 853 | 10.117129 | 10.159983 | 47F 13] 9.818825 [9.876345] 9.942478] 10.057522 10.723053 to. 181175 [47 
14 9.810167 9.882764 9.927403 10.072 590% 10. 117236 10. 189833 46114 9.818969 9876236 9.942733 10.057267 10. 123764 [10.18 1031 [46 


a> © DS — — — — — — 


19 9.8103 16 9.882657 9.927659 | 10.07½ 341 10. 17343 10. 189684455 8 9.875125] 9.942988 | 10.057012 10. 123875 [0.18887 145 
| 1009.810465 9.332 550 9.922915 10.072085 [10 117450 10. 189835 44 1619.0 9258 [9.876014 | 9.943243 10.056757 | 10.123985 [10.130743 [44 
17]9.810614 | 9.88244 3 | 9-9238171 10.071829 10. 11757710. 189386 43177 9-S14,01 9.375904 | 9.943498 | 10.056502 | 10.124096 | 10 180599 [43 
18] 9.810763 | 9.882336 9.928427 | 10.071573 |10.117664 | 1. 8923742189 519545 [9.875793 9-943752 | 10.056248 | 10.124207 [10.1804 55 [42 
[9.810912 | 9.882228 | 9.928683 10 071316 |10.117771 | 10. 189088419 9.81 689 | 9.875682 | 9.944007 j19.055993 | 19-124:18 | 10.1807 51 1418 
20 9.811061 9.8821z1 | 9.928940 10,07 1060 | 10.117879 | 10. 188939 40 2c 9 $19832 9.875571] 9.944262 | 10.055738 | 10.124429 lo. 18017 40 
11]9.311210| 9.882014 | 9.929196 | 10.070804 | 10.117936 | 10. 188790 39 $21 [9.319976 9.875459 9.944517 10,055483 þ19.124541 | 10.180024 [39 
29.811358 9.88 1907 9.929452 10.070548 10. 118093 10. 188642 38 $22 [9.820720 [9.875348] 9.944771 | 10.055229 0. 1246210. 179880 [38 þ 
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817507 9.881799 | 9.929708 10. 910. 11820110. 188493 37 $23 9.520263 [0.875237 9.945026 10.054974 0. 124763 10.179737 37 
49.811685 9.881692 | 9.929964 10. 070036 10. 118 308 10. 188345 36 24 1 9.820406 9.875126] 9.945281 10.054719 10.124874 10. 1790594 35 

9.811804 | 9.381 5849.930219 10. 069780 f 10. 118416 10.188196 3855 9.520550 9. 875014 9.945535} 10.054465 10. 124986 10. 1794 35 

2609.811952 9.88 1477 9.930475 10069524 | 10.118523| 10.188048 34 26 | 9.820693 [9.874903 9.945790 | 10.054210 10. 12 50% | 19. 9% 134 f 
79.812100 9.881369 9930721 10.069269 10.118631 10. 187900 33] 27 | 9-320836 | 5.874791 | 9.945045] 10.053955 | 19.1252c9 10. 17916433 

8] 9.812248 | 9.881261 | 9.930987 | 10.065013 10. 118239 10.187752 | 32 28 | 9.520979 | 9.874670] 9.946299 f 10.0537co } 10.125320 f 10. 17902132 
2919.812395 | 9.881153] 9.931243 | 10 068757 10.118847 | 10. 18603 3129 9.821122 9.874568 9.946554 10.053446 | 10. 125432 10.178878 31 
2 [9.81241 | 9.881045] 9931499 | 10.068501 | 10,118954 10. 187456 3030 9.821265 | 9.874456] 9.946205 | 10.053192 | 10.125554 | 10.178735 [30 
1 i1] 9812692 | 9.880948] 9.931755 | 10.068245 | 10. 119062 | 10. 187308 20 3119.921407 [9.874344] 9.947062 [10.052937 10. 125556 19.178593 [2% 
59.812840 9. 8808 30 9.932010 | 10.067989 10. 119 70 10. 187160 28 3219 8275 5 9.874232 9.947317 | 10.052682 | 10. 125767 10. 1784 50 j28 
g 579.8712988 9.880721 9.932266 | 10.067734 10. 119228 10.187012| 27 $331 9-321693 [9.874120] 9.047572] 10.052428 | 10 125879 10.178307 [27 
2 19.813135 9.880613] 9.932522 | 10.067478 [10.119387 | 10. 185865 26434 9.821835 9.87 9.947826 10.052173 10. 125991 10. 1816526 
7 519.8132830 9.880505 | 9.932778 | 10.067222 10. 119495 10.186717} 25H 35 9.821977 | 9.373896 | 9.94808 | 10.051919 10. 126103 } 10. 178022 2. 
6 3609.813430 9.880397 9-933933 10,066967 10. 1.9603 10. 186 570] 24 © 36] 0.322120 | 9:873784 | 9.948335 | 19-051664 | 10. 126215 | 10 177880 24 
p 3719.$13578 | 9.880289 | 9.933285 | 10.066711 | 10.119711 10.1$5422| 23] 37 9. 822262 |q9.873572 1 9.948590 | 10.051410 | 10.126328 10177738 (23 
4 89.873725 9.8801 $0] 9.933545 | 10.066455 10. 119820 10.136275 | 22 38 9. 8 2404 | 9.873560] 9.948844 | 10.051156 | 10. 126440 10. 177596 12.2 
» 329.8138721 9.880072 | 9.933500 19.066200 10.11 928 10. 186128 21139 9.822546 9.873448 9.94909gq | 10.950901 | 10.7265:2 | 10.1774 74 21 
12 909.8140191 9.879263 | 9.934056 to. 6590. 120037 10. 185981 20Y 40 | 9.822633 | 9.873335] 9 949353 | 10-050647 10. 129655 | 16.177312 — 
Fi 19.814165 9.879855 | 9.934311 10. 06 5689 | 10.120145] 10. 185834 19 $41[ 9.322830 | 9.87:223 | 9.949907 | 10.050392 | 10. 12677718. 177 7% 19 
20 {219.314313| 9.879746] 9.934567 10.065433 he 10.185687 29 8229/72 [9.873110 9.949362 | 10.050138 10. 126099 | 10. 17708 [18 
10 4309.814460 9.879637 | 9.934822 10 065177 10. 120362 10. 185540 17 43]. 823114 | 9.872998 [9.950116 10.049884 10. 129 10.176886 17 
13 [9.314607 | 9.879529 | 9+935078 | 10.064922 10. 120421 10.188393 16 1449.823255 [9.872885] 9.950 10. 049629 10.127118 10.176744 15 
17 4519.814783 9.879420 9.935333 | 10.064666 10. 120580 10. 1852461545 9.823397 9.872772 | 9.950625] 10.049375 10.127223 | 10.176603 [15 
16 46 9.814900] 9.879311 | 9.935589 | 10.064471 10. 120689 10 135100] 14146 9.82369 0 8726596 9.9 50879 10.040 2110.127341 10. 17646714 


79.815046 9.379202 | 9.935344 | 10.064156 | 10. 120798 10. 1840 5413 47.823680 | 9.872547 | 9-9051133 f 10.0+ 8867 10. 12745310. 17632013 
48 9.315193 | 9.379093 | 9.939100 | 10.063a00 | o. 1209 | 10.154807 | 12 F48[9.323S21 [9.872432 | 9.951385] 10.048512. 10. 127566 10.1” 6179 (12 
99.815339 9.878984 | 9.936355 | 10 063645 | 10.121016} 10.184661 11 49] 9.523063.10 872321 9-931642| 10.048368 [. 127679 9.176037 71 


9.936610 | 10.063389 10. 121125 10.184215 10 501 0.824104 9.872 9.951896 10.048104 | 19.127792 10. 17589610 
| 9.936366 | 10.063131 10. 121234 10. 184368 5119.824245 | 9.872004 [9.952150 10.0478 50 fo. 127905 10. 175955 
9.937121 | 10.052849 10.121344] 10.184222 52 9.824386 9.87108 | 9.952402 10.047505 10. 128019 10. 7175614 
9-937376 | 10,093043 10. 121453 10.1$4076 5319 824527 [9.871868 (9.952659 | 10.047341 10. 128132 10.177473 
9.937632 | 10.06236 2 10.183931 5419.824668 [9.871755 [9.82913 10 047087 10. 128245 :0.175432 
9.937887 10.062113 10. 121672 10. 18378 5 5519.824808 89.871641 9.953167 10.046833 10. 123359 10. 17592 
9.938142 | 10.051858 10. 12178 1 10. 183639 9. 824940 9.871528 9.053421 10.046 79 10. 128472 10. 1 5051 


— 
O 
2 
* 
* 
2 
1 
uU1 


57 | 9-325cg0 | 9.371414 $9-953625 10. 128586 , 10.174910 
58 9.82 5230 19.371301$9.9539-: | 10.046071 | 10. 128699 10.174 770 
59 9.325370 | 9.371187 9.954183 10.045817 10.123313 10.174629 
boſg.525511 | 9.871073] 9.954437 | 10. 045563 10. 128926 10. 17439 
Sine. Tang, I Se ant. 


48 Degree. 


9.938397 | 10.051602 | 10. 121891 10.182793 
9.938653 | 10.061347 10. 122001 10. 18334 
2 10.06 1092 10. 122110 10. 183202 


9.939163 10.06 837, 10. 122220 10.183057 
2 | "Tang, | Secant, 


— 


= o a ee 90 0 
wo 
CN 


» 
2 o — le 0 0 


| 


49 Degrees. 
t 


72 


A Table of Artificial Sines, Tangents and .Secants. 


WW wy $4 iD 
— 3 


42 Degrees. 


2 2 la = ou : 


10 


3 


A 


Rn 0 
9 1 


1 


Sine. 


9.825511 


9.825051 
9.825791 
9.825931 
9.826071 
9826211 
9.826351 
9.826191 
9.826631 


9.8269 10 


9. 8270 
3.272 
9.827328 


0.82696 
9.827745 
9 827884 
9.828 23 
9.828162 


9.826770 | 9. 


\S 
0 
— 
2 
S 
— 
02 


0.827467 


9.228301 
0.828439 
9.828578 
9.828716 
9.8288 5 
9.828993 
9.820131 


9.829959 
9.830097 
9.830234 
9.830372 
9. 8 zu oo 
9.830646 


9. 868209 
9.868093 


9.867283 


Tang. 


9.954437 


9.954691 
9.954945 
9.955199 
9.955453 
9.955707 
9.955961 
9.950215 
9.956469 
9.956723 


10. 045 56 


10.045 30 


10. 045054 
10.044800 


10. 44 546 


10.044292 
2 
10. 043785 
10.043531 
10.043227 


9.956977 
9.957231 
9.957485 
9.957739 
3 957993 
9.958240 
9.958500 
9-958754 
9-9 59003 
9:959262 


9-959515 


9-959770 


9.962052 
9.962.306 
9.952560 
9 962813 
9.963067 
9.963320 
9 963574 
9.963827 


to. oa 3023 
to. o42769 
10.0425 15 
10.042261 
10. o4 2007 


10.041753 
10. 4 10 
10.04 1246 


19.040992 


10.0407 38 


10,040484 
10.040231 
10.039977 
10.039723 
10.039470 


Secant. 


— 
10. 128926 


10. 129040 
10. 129154 
10. 129268 
10. 129382 


10. 129496 
10. 129610 
10. 129724 
10. 129839 
10.129953 
10. 130067 
10. 130182 
10. 130296 
10. 130411 


10. 130526 


10. 130640 
10. 13075 
3 
19. 13098 5 
10. 131 1c 
10131215 
10. 131330 
10.131445 
10. 131560 
10. 131676 


10.039216 
10.038962 
10.038708 


10.038455 
10.038201 


10.037949 


10. 37694 
10.037440 
10.037187 
10.036933 
10.036680 
to. 36426 
0.036172 


10.131791 


10.131907 


19.132022 


10. 132138 
10.132253 


10. 132369 
10. 13248 5 


10. 132601 


10. 132717 
10. 132833 


10. 132949 
10. 13306 5 


10.133181 


— 


10. 174489 


10. 174349 
10. 174209 


10. 174069 


10.173928 


10. 173789 
10.173649 
10. 273500 


10. 173370 


10. 173230 


10.17 3090 


10.172951 


10.172811 
10. 172672 
10.172533 
10. 172394 
10. 172255 
10. 172116 
10.171977 
10. 171838 
10. 171699 
10.171561 
10.171422 
10.171284 
ro. 


10. 17 109% 
10. 170869 
10.170731 
10. 170592 
10. 17049 
10. 170317 
10. 170179 
10. 170041 


10. 169903 


10. 169766 


10. 169628 
10. 769491 


10.169354 


1711451 


43 | Degrees. 


15 


386222 
010 


ESS ZAS 


9.833783 
9.833919 
9.85484 
9.334189 
9.834325 
9.834460 
9.834595 
9-$347 30 


9.835134 
9.835269 


9.837812 
9.837945 
9.838078 
9.838211 
9.538344 
9.338477 
9.838607 
9.838742 


Sine | 


9.834865 [9. 
9.834999 9. 


9.854127 
9.86400 
9.863892 
9.863774 
9.863656 


Tang. Secant, 


10.125872 
10. 135990 
10. 136108 
10. 136226 


10. 136344 


9.969656 10.030344 
9 969909 * 10.03coy1 
9.970162 10. 029838 
9.970416 10.029584 
9.970669 10.029331 


9.861161 
9.86 1041 
9.860921 
9. 8608 
9.860682 


9.971935 10.028065 


0.970922 — 10. 136462 
0.70008 

8 10. 136699 

10. 136817 


10. 136936 


10. 1370 54 
10. 137 173 
10.137291 
10. 137410 
10. 137529 
10. 137647 
10. 137766 
10 137885 
10. 138004 
10. 138123 
10. 138242 
10. 138 362 
10. 138481 
10. 138600 
10. 138720 
10. 1388 39 
10. 138959 
10. 1390%8 
10. 139198 
10. 139318 


9.971175 10.028825 
9.971429 10.028571 
9.971682 10.028318 


9.972188 10.027812 
9.972441 | 10.027559 
9. (72694 | 10.027305 
9.972945 f 10.027052 
9:973297| 10.026799 
9.973454 10.026546 
9.973707 | 10.026293 
9.973960 } 10.026040 
9.974213 | 10.025787 
9.974466 (10.025534 
9.974719 10.02 5280 
9.974973 10. 025027 
9.975226 10.024774 
9.975479 10.024521 
9.975732 10.024268 
9.975985 | 10,024015 
9.976238 | 10,023762 
9.976491 { 10.023509 
9.976744 | T0.023256 
9.970997 


9.850 562 
9.800442 
9.850322 
9.350202 
9. 86co82 


I0.023C03 
9.9772 50 


10.0227 50 
9.977503 | 10.022497 
9.977756 | 10.022244 
9. 973009 


10.021991 
9.973262 | 10.021738 
9.978515 


10.02 148 5 
9.97878 10.021232 


10.139438 
10. 139558 
10. 139678 
10. 139798 
10. 139978 


10. 140038 
10. 140158 


— 
IO. 16621 
10. 166081 
10.165 
10.165811 
: y 
10 16567; 


10. 165 540 
10. 16540 
10. 165270 
10. 16513; 5 
10. 165001 


—— 
10. 164866 
10. 164731 
IO, 164597 
10. 164462 
10. 164328 
10. 164193; 
10. 164059 
10. 1639235 
10.163791 
10. 16365) 
10. 16372 
10. 163355 
10 163255 
10.163122 
10. 162988 


10. 162854 
10.162021 
10. 162587 | 5; 
10. 16245 
10. 162320 


10. 162188 
10. 162055 
10. 16 1922] 
10.161789 
10. 161656 


1 
— 


946 


SIe 


12 > 
* A222 


5 „ TS SS uw 
3 = —_ MM _ + > + 


822 »- 
on —2 


10.161123 
to. 161390 


9.979021 
9.979274 
997927 


10.020979 
10.020726 
10.020473 


10. 20220 


10. 140279 


10. 140399 
10. 140520 


10. 140640 


10.161258 
10. 161125 
10. 16099 


10. 160869 


9.830784 


1 9.964 81 


964335 


— 


961588 


10.0350 19 
10.03 566 5 


10.035412 


IO, 1692 16 
10. 169079 


10. 168942 


10.133297 
10. 133414 


10.133530 


9.333875 
9:539007 
9.839140 


9 
961842 
965095 


10.035158 


to. 3490 5 


10. 133647 
10. 133763 


10. 16880 


10. 165668 


9.839272 
9.839404 


9.859239 


9.222525 
9-980 


19.019967 | 10.140761 


ro. 160728 


238 
9.980286 
9.980538 
9.980791 


9.98 1044 
9.981297 
9.931550 
9.981803 
9.932056 
9.982309 
9.982 562 
9.982814 
9.983067 
9-993320 
9.983573 
9.983826 
9.984070 
9.984327 
9.984584 
| 9:v84837 


9.389119 
9.858098 
2858877 
9.858756 
9.858635 
9.355514 
9.578393 
9.858272 

858150 
2 
9.3c7908 


9.857786 
9.357665 
9.857543 
9.857421 
9.857300 
9.857178 
9.857056 
9:550934 


Sine. 


10. 140381 | 10. 160506 
10. 160464 


10. 160332 


10. 16020015 
10. 160068 
10. 1599361 
10. 1 50804 1? 
10. 159672 
10.159541 
10. 159400 
10. 159278 
10. 10146 
10. T5001 
70.1 5888. 
10. 158757 
10.188621 
10. 1.84% 
10. 158300 
10. 158229 2 

Secant, Ml 


— 


10.019714 
10.019461 10. 141002 
10.0 19209 10.141123 


10.018956 10.141244 
10.018703 10. 147365 
10.018450 10. 14 486 
10.018197 10. 141600 
10.017944 10. 1417/28 


10.017691 10. 141849 
10.017438 10. 141971 
1c. 017185 10. 142092 
10.016933 10. 142214 
10.016680 10. 142335 
10.016427 10. 42457 

10.142579 


10.034651 
10.034300 
10.034144 
10.033891 
10.033628 
10.033384 
10.033131 
10.032877 
10.032625 
10.032371 
10.032118 
10.011854 


10.031611 


10.031357 
10.031104 
10.0308 51 
10. o 30 597 
10.032 344 
Tang, 


47 Degrees. 


10. 133880 10. 16953 

keg 
10.134113 10. 168257 
10.134230 10.168121 
10, 134347 * 
10. 134464 10 167848 
10.134 581 10.167712 
10. 134698 10.167575 
10.134815 


10. 167436 
10. 134932 70. 16730 
10. 135050 10. 167167 
10. 135167 


10. 167031 
10. 135284 


10. 16689 «| 
10. 13 5402 
10. 135519 


10. 1667 50 
10. 166623 
10. 135637 
19.135755 


10. 166488 
10.135872 


9 
9 
9. 
9. 

9.965349 
9.06 5602 
9.965855 
9.966109 
9 956 392 
9.966616 
9.966869 


9.967122 
9.967376 
9.967530 
9.967883 
9.963136 þ 
59.968389 
9.968643 
9.968897 
9.969 1 50 
9 969403 
29090 | 


9.839575 
19.829668 
4 

; 2 
£354 1 
9.840196 
9.840328 
9.240460 
9.*40591 
9.840722 
9-8408 54 
9.840985 
9.841116 
9.841247 
9.841378 
9. 841509 
9.841640 
| 9.841771 | 


9.866004 
9. 865887 
9.865770 
9.865653 
9.865 536 
2288852 


9 831742 
4619 837879 

| 9.8 32015 
eng 
9.5322 8 
9.532425 
-[9-332<61 9.865185 


to. o16174 
TO.015921 10. 142790 
10.015668 10. 142822 
to. 15416 10. 142944 
10.015163 10. 143066 


Tang. | FEE 
46 Degrees 


9.833377 
9.83372 
9.933648 


mm OD > cÞ 924K Ons 


10.1667 5: 
10. 166217 


Secant. 


A Table EI Artificial Sines, T. agents and Secants. 


2 "Degrees. | 'S. 


| 9.846047 


9: 9.341772 | 


9.84: 424 
9.842555 
9.84262 5 
reed 
9.342940 


Sine 1 


9.856934 


9.856323 
9 856201 
9.856078 
9.855956 


9.855833 


Tang. 


9.984837 


9. $41902 | 9.856812 19.98 5090 
9.842033 9.856690 9.985343 
9.842163 9.856568 ! 9. 985590 
9. 9.356445 


, 9.955548 
9. 9.986701 


9.986354 
9.986607 


9.986860 
9.987112 


843076 
3. 843256 
9.843336 
9.843465 
9.843595 
9.843725 
9. 8435084 
9.843084 
0.844124 
9.344243 
9.844372 
9.844502 
9.844631 
9.844760 
9.844889 
9.845018 
9.845147 
9.845276 
x 845404 

22 
9.84 5562 
9.845790 
9.845919 


9.846175 


9. 9.846304 
9 8424 

9. 4658 
9.846688 
9. 846816 


9.846944 
9.8470 
9.847199 
9.847327 
9.847454 


9.855711 
9.855588 
9.855465 
9.855342 
9.855219 


254973 
9.854850 
9.854727 
9.854603 
9.55448 
9.854355 

9.854233 
. 854109 
9.853986 
9. 9.853862 
9.853738 
9.855614. 
9.853490 | 
9.353306 
9.853242 
9.853118 
9.852994 
9.852869 
9.852745 

9.852620 
5 $52456 
9.552371 
9.352247 
9.852122 


4 9-855096 E 


5.587878 


9. 78871 
9.983123 
9.988375 
9. 988529 
9.988882 
9.989134 
9 989387 
9.989640 
9.989893 
9.990145 
g 9. 992398 
9.950651 

9 990953 
9-991156 
9. 291409 
| 9. 691662 
9.991914 
9.992167 


10.015163 
10 014910 
10.0 14657 
10. 0 14404 
10.014152 


10.013899 
10.013646 
10.013393 
10.013140 
10.012888 


10.012635 
10.012382 
10.012129 
10.011877 


10.01 1624 


10.01 1371 
10.011118 
10.010866 
10 010613 
10.010360 


10.010107 
10. 098 55 
10.c09602 
10.009349 
10.009096 
10* 10*008844 
I0,0c3591 
10.008338 
10.0 8086 
10.007833 


9-992 420 
9.992672 
9.992925 
9.993178 
2223439 
9.993683 
9.993936 
9.994189 
9.994441 
9.994694 


9.851997 
9.851872 
0.851747 
9.851622 
9. 9.851497 
9. 9.8 1372 
9. 821216 
99.351121 
9.850996 
9-850870 
9.850745 
9.850619 
9.85049 3 
9.850367 


26 | 9-850242 


g. 8501 16 
9.8499 90 
9.849864 
9.849737 
9.849611 


9.849485 


1 


9.954947 
9.995199 
9.995452 

9.995705 
9995957 
9.996210 
9.996463 
9.996715 
9.996968 
9-997221 


9.997473 
9.997726 
9.99979 
9.998231 
9.998484 


9. 9.9551 
9. 9989 

9. 099242 
9.999494 


9.999747 
1.000000 


4 


10.0: 7580 
10.007328 
10. 907075 
10 006822 
10 006569 


10.co6317 
10,0: 6064 
10. 05811 


10. 005559 
10. 005306 


Io. oc $053 
10. o 04801 
10. 04648 
10.004 295 
10.00404 3 


10.033790 
to. co3537 
10.003285 
10.003032 
10.002779 
10. 02 527 
10 002274 
to. oo 2021 
10.00 1769 
10.001516 


10. 001263 
10.001011 
10. 0007 58 
10. o o50o3 


10. oo 53 


IO, oOOOOO 
Tang. 


Secant. 


10. 143066 


10.143188 
10. 143432 
1—48U. 
10.143677 
19.143799 
10. 143922 
10. 144044 
10. 44167 
18. 144289 
10. 144412 
10.144533 


10. 14465 
10. 144781 


0.144904 
10. 145027 


10. 145150 
10. 145273 
19 145397 
10. 145520 
10.145644 
10.145767 
10. 145891 
10.146014 
10. 146138 
10. 146262 
10. 146386 
10. 1465 10 
10.146634 
10.1 46758 
10. 116082 
10. 147006 
10. 147131 
10. 147265 
10. 147380 
10.147504 
10. 147629 
10.4775 
10. 1.147878 
10. 10.148002 
10. 148 128 
10. 14825 
10.143378 


10.148 503 


10. 148628 
10.148753 
10. 148879 
10. 149004 


10. 149130 
10. 149255. 


10.149381 
10. 14950 
10.149032 


10. 1407 58 


10. 149884 
10. 1 500 10 
10. 150136 
10. 150262 
10. 150389 


— 


10. 15822 
10. 15809 
10. 157967 
10.157837 


10.157706 
19.157576 


10.157445 
10.157315 
10.157185 
eee 
10.155924 
10.156794 
10. 156664 


10.156534 


10.156405 
10. 10.156275 
10. 156145 
10. 156016 
10. 15 588 6 
TO 155757 
10. 155627 
10. 155498 


10. 155369 
10. 155240 


IO 155111 


10. 154982 
10.154353 
10. 154724 
10. 154595 
10.154467 
10. 10.154338 
10. 1542 10 
10. 154081 
10.153952 
10. 15382 5 
10. 153696 
10. 153568 
10. 153440 
1110.153312 
10.153184 
10. 10.753056 
10. 152229 
10.152801 
10. 152673 
10. 152546 


10.1 52418 
10. 152291 
10. 152163 
10. 152036 


10. 151909 


10.151782 
10. 15 1655 
10. 15 1528 
10.151401 


10.151274 


10.151148 
10. 15 1021 
1c 5089 

pz vo 
10159641 


14 


4 


10. 150515 
Secant. 


Slow vwau| 


45 Degrees. 
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PRACTICAL TREATISE 


ON 


SHIP-BUIL DING. 


0844. 
General Proportions for Building: 


N AVAL é Architecture may be divided into three principal parts. 
N I. To give the ſhip ſuch a figure or exterior form, as may 
ſuit the ſervice ſhe is deſigned for. 

II. To find the true form of all the pieces of timber that 
ſhall be neceſſary to compoſe ſuch a ſolid, 

HI. To make proper accommodations for guns, ammunition, provi- 
fions, and apartments for all the officers, and likewiſe for the cargo. 

We ſhall at preſent only treat of the firſt of theſe, namely the exte- 
rior figure, and conſider it firſt, as it regards the bottom, that is, the part 
which lies under water, and may be called the quick-work ; or ſecondly. 
the part which is above water, and may be called the dead-work. 

In order to give a proper figure to the bottom, all the qualities which 
are neceſſary to make a ſhip anſwer the ſervice for which ſhe is deſign'd, 
ſhould be conſidered. A ſhip of war ſhould carry her lower tier of guns 
four or five feet out of the water. A ſhip for the merchants ſervice 
ſhould ſtow the cargo well, and both of them ſhould be made to go 
well, carry a good fail, ſteer well, and lie too eaſily in the ſea. 


Some 


2 General Proportions for Building. CHAp. I. 

Some eminent geometricians have endeavoured to find the form of a 
ſolid which may beſt anſwer all theſe qualities, and meet with the leaſt 
reſiſtance in dividing the fluid through which it is to paſs; but have 
not been able to reduce their theory to practice by reaſon of the different 
poſitions a ſhip is obliged to be in when under fail. The ſhip-builders 
deſpairing to eſtabliſh this point by mathematical rules, have applied 
themſelves wholly to their own obſervations and experience, which may 
indeed ſupply the deficiencies of art, but though they may thereby diſ- 
cover that a ſhip has ſeveral bad qualities, it will not be eaſy to determine 
where the fault lies ; for it may be owing to the rigging ; and though 
the fault be not there, yet they cannot be certain in what particular part 
of the body it is. If their obſervations be aſſiſted by principles drawn 
from theory, it will conduce very much to attain their end. f 

As there have been ſeveral ſhips built which have ſeemed to anſwer all 
the ſervices for which they have been deſigned, ſome builders have made 
it their principal ſtudy to copy ſhips which have gained the applauſe of 
the ſeamen. This method they very improperly call the principal rule 


which ſhould be obſerved in building. Now, as the bodies of ſhips are. 


very different from one another, ſo there are, by this means, as many dif- 
ferent methods uſed ; ſome chuſing one, and ſome another for a ſtandard. 
But it muſt be obſerved, that even though it were poſſible to find ſuch a 
body as ſhould give intire ſatisfaction, and have all the good qualities that 
ſhould be — to anſwer the ſervices propoſed, yet this could by no 
means be eſtabliſned as a ſtandard by which other ſhips of different di- 
menſions may be built. For admitting we have a firſt rate of 100 guns, 
which by experience has been found to be a very good ſhip in all reſpects, 
yet we ſhould find ourſelves very muck deceived, if we ſhould build a 
ſhip of 20 guns by making all the parts have the ſame proportion to one 
another that they have in that of 100 guns. 

The firſt thing to be done in order to lay down the draught of a ſhip 
is to determine the length, which ſhould be either on the lower gun deck, 
or at the load-water line ; for there muſt be great care taken that there 
is a ſufficient ſpace betwixt the ports. This will oblige us firſt to fix 
the number and dimenſions of the ports, the diſtance of the aftermoſt 
port from the tranſom, and of the foremoſt from the ſtem, and the diſ- 
tance betwixt the ports. This article may be determined by the fol- 
lowing tables : ks: 


A Table 


Table of the Number of 


SS, 


Ports on each Side of a Ship, 


according to the Number of Guns, and the Weight of 


the Shot: 
hip of 112 Guns. {| A Ship of 102 Guns. 
Decks | Ports | Shot | Decks | Ports | Shot 
I 15 | 480r36| I 14 | 36 
2 16 | 24 2 15 18 
3 15 | 12 3 I 4 12 
Quarter 5 8 Quarter | 
Forecaſtle 3 8 Forecaſtle | 7 8 
Poop 2 4 Poop 


| 


( 


ip of 74 Guns. 

Decks Ports | Sho 

13 | 

I 14 | 36 

2 * | 18 
Quarter 

. 8 

Poo 


_A Ship of 64 Guns. || A Ship of 58 Cunz. The Tiger: 
Decks | Ports | Shot || Decks | Ports Shot] Decks | Ports | Shot 
a 5 12 E "6+ : 47 7 18 I + mY OF} 
13 y 2 13 12 Qu 2 12 
13 Quarter uarter 3 
0 14 the Forecaſtle ; + 4 [[Forecaſtle | 2 4 
Quarter EF @ 1 
Forecaſtle 
A Ship of 50 Guns. A Frigate of 46 Guns. || A Frigate of 32 Guns 
Decks | Ports | Shot || Decks | Ports | Shot bak © T Ports | Shor 
I 73s 18 :” 42-78 12 Qu 143 |; 10 6 
2 + Wh 12 2 1 8 Uarter 
Quarter 2 4 Forecaſtle 8 4 
A Frigate of 32 Guns. || A Frigate of 32 Guns. || A Frigate of 28 Guns. 
Decks | Ports | Shot Decks | Ports Shot Decks I Forts | Shot] 
I 4 8 1 8 "HER "7% 8 
2 1 2 6 6 2 10-1. 4 
Quarter | [Quarter id 4 
Forecaſtle F * 4 


A Frigate of 24 Guns. 


Decks 


| Ports | Shot 


A Frigate of 22 Guus. 
Decks 


I 10 6 I 9 6 on one Deck. Shot 6 lb. 
Quarter 2 4 uarter 2 4 | 25 | 


| Ports | Shot 


Frigates of 20 Guns hav 
10 Ports on each fid 


Veſſels of 16 guns have 8 ports on one deck, the guns to carry 4 lb. ſhot. 
| Veſſels of 12 guns have 6 ports on one deck, the guns to carry 4 lb. ſhot. 


. — „%K ͤ„„ͤ«%ͤ„ «% —ET hb 
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A Table of the Dimenſions of the Ports and Height of their Sells, ac- 
cording to the Weight of the Shot. | | 


Shot Hei. and brea. of ports. Height of the ports] Sells bp 
Ib. f. in. Ff. in, f. in. ſiſt Deck|2d Deck|3d Deck| Quarter- 
4812 9 13 o or 3 2|f in. f. in. ck 
ann Forecaſtle 
24 f 5 BE 8ors ig 2 k 12 © | 
0-3 4 7 GS S424 2&8 
ap $6 42A $14 1014 8.35419 
TY 6 EH WS $14 P-FE-FU bi'S 
0-18-49 jj &-+ —-$#H 1—- = $--# ey 
4 1 4 x 6 or 1 9 5 | N 2 


A Table of the Number, Dimenſions and Diſtances betwixt the Ports on the 
lower Deck ; alſo the Diſtance betwixt the foremoſt Port and the Stem, 
betwixt the Aftmoſt and the Sternpoſt. | | 


Ships Names, © ;NToffBreadth]Diſt. etw. Foremoſt | Attmolt [Length o 
Portslof For Ports from Stemſfrom Poſt | L. Deck 
Amiable r 9g 0 1147 
Invincible i 9 0 [144 
Achilles F / 
Toulouſe SST TMR 9 2 [141 
Ardent, 64 guns t 9 2 140 8 
Fleuron, 64 guns n MEAS 07S % wo 
Dauphin Royal 74 guns] 13 | 2 10] 7 7 [| 18 2 | 10 o I156 


Note, An inch French meaſure is equal to 1474 inch Enghſh, and is divided into 
twelve parts called lines, which are divided into twelve parts, called points. 


The next thing to be done is to eſtabliſh the breadth by the midſhip 
beam ; the builders are pretty much divided in proportioning this to the 
length. Moſt of them conform to dimenſions taken from ſhips of the 
ſame burthen, and deſigned for the ſame ſervice. 

After theſe two dimenſions are determined, the depth of the hold muſt 
be fixed, which in moſt ſhips is half the breadth ; but the form of the 
body ſhould be conſidered ; for a flat floor will require leſs hold than a 
ſharp one. The diſtances likewiſe between the decks muſt be deter- 
mined. The following table may be very uſeful towards aſcertaining 
the three aforeſaid dimenſions, 


A Table 


Ships Names | Guns 
— 
Monarque 74 
Intrepide 74 
Alcide 64 
RNenommèe 30 
Palme 12 
Soleil Royal 80 
Formidable 80 
Tonnant 80 
Sceptre 74 
Superbe 74 
Eſperance 74 
Magnifique | 74 
Northumberland | 68 
Hercule 64 
Protee 64 
Illuſtre 64 
Opinatre 64 
Dragon 64 
Leopard 64 
St Laurent 60 
Amphion 30 
Amazon bo 
Brillant 30 
Arc-en-Ciel 30 
Tigre | 52 
Alcion 30 
Aquilon 46 
Junon 46 
Favorite 36 
Angleſea 32 
Serenne 90 
Emeraude 28 
Galatẽe 24 
Mutine 24 
Cumberland 24 
Marſhal Saxe 22 
Anemone 12 
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load-water 
line 

| feet in. 
| 


| 120 | 
1 


Breadth 


F O + OOO 


© © © oo 


| 


A Table of the Length, Breadth, and Depth in Hold of the follnuing Ships 
| Length at | 


Depth in 
the Hold 


G 


10 


O 


& © Un > +> 


6 
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Ships Names | Guns | Length Breadth | Depth 
an „„ 1 
Amarante 12 84 22 9 
Elizabeth 64 143 38 41 18 
Brave . 80 172 44 21 
Floriſſant 1 74. 165 45 22 6 
Couronne | 754 | 167 44 22 7 
Hardi | 64 | 149 40 6| 20 9 
Aigle 50 144 39 19 6 
Hermione 0 190 + 2 04: 18 0 
Juſte 70 I5I 42 21 
Triponne 26 114 gt 8 
Panthere 20 | 108 28 6 
Badine 0-00 18 4 
We may then proceed to fix the length of the keel, which will oblige 
us to determine the rake of the ſtem and „ for which the builders 
have given us no invariable rule, they... very much divided in their 


opinions; for where ſome have give fake of 18 or 20 feet, others 
have given none at all. The height of the ſtem and wing-tranſom muſt 
alſo be determined, which may be regulated by the decks. 

The difference betwixt the draught of water abaft and that afore, ſhould 
likewiſe be conſidered ; for though ſome imagine that when a ſhip is 
loaded her keel ſhould be parallel to the ſurface of the water, yet in many- 
caſes it will be found neceſſary that the keel abaft ſhould be deeper in the 
water than it is afore. This will give the rudder more power, and 
thereby contribute to make a ſhip ſteer well ; but this difference of the 
draught of water is intirely arbitrary ; for in large ſhips ſome have given 
five, whereas others have given but three, or even two feet of difference. 
Though I could not procure the true difference of the draught of water 
of many ſhipsof war, yet Iam aſſured that the following are pretty exact. 


The Difference of the Draught of Water in the following Ships. 


bus feet in. feet in. 
Northumberland 1 2 Panthere 3 
Auguſte 00 Couronne $:--4 
Aloze EM Triponne 2 
Hermione i. Renommee 1 
Amazone es Tigre $: 2 
Badine oO 10 Intrepide 1 
Palme 1 Alcide $8 
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cnar. 1. General Proportious for Building. 


The length of the wing tranſom muſt alſo be determined; ſome make 
it 3 of the main breadth ; but this is likewiſe arbitrary, the broader a | 
ſhip is abaft, the more room there will be for accommodations for the 
officers ; but this will be diſadvantageous to her failing upon a wind. 


The following Examples will be ſufficient to fix the Length of the Wing 
tranſom for any Ship, | 
For a ſhip of 110 guns, + of the main breadth, and 3 lines more to every foot. 
102 guns, 3 of the main breadth, and 8 inches more. 
82 guns, 3 of ditto. 
74 guns, 7 inches, 9 lines for every foot in breadth. _ 
62 guns, 7 inches, 8 lines for ditto. 
56 guns, 7 inches, 7 lines, 3 points for ditto. 
30 guns, 7 inches, 6 lines, 6 points for ditto. 
46 guns, 7 inches, 6 lines for ditto. | 
32 guns, 7 inches, 5+ lines for ditto. 
For a frigate of 22 guns, 7 inches 4 lines. 
12 guns, 7 inches. 


Some, without regarding theſe, Portions, make the wing tranſoms 
of the firſt and ſecond rates two thirds of the breadth, and for all the reſt 
one foot leſs. 

After theſe dimenſions are determined, the timbers may be conſidered 
which form the ſides of the ſhip. A frame of timbers is compoſed of 
one floor timber, two or three futtocks and a top timber on each fide : 
All theſe being united together, and ſecured by croſs-bars, form a circular 
incloſure, that which incloſes the greateſt ſpace is called the midſhip 
frame : The curve of this frame is inverted at the lower part, ſo that 
the floor timber will be ſomewhat hollow in the middle, whereby the 
ends will form a very obtuſe angle; but this angle decreaſes the farther 
the frames are removed from the midſhips, in ſuch a manner, that the 
foremoſt and aftermoſt will become very ſharp, and form a very acute 

angle. Theſe floor timbers are called crutches. 

The builders ſeem to agree nearly as to the length of the midſhip floor 
timber, making it generally half the length of the main beam ; but they 
differ very much about the riſing of it, ſome chuſing a flat and others a 
ſharp floor. And if we conſider the advantages and diſadvantages that 
attend the one and the other, we ſhall not be much ſurprized to find 
them ſo much divided upon this article ; for it is certain, the more ri- 
ſing a ſhip has, ſhe will hold the better wind, but then this will occaſion 
her to draw more water, which will be ſometimes attended with very 
great inconveniencies. 


A Table 


(8) 
A Table of the riſing of the Midſhiþ Floor Timbers, 


Guns | f. in. lines | Guns] f. in. lines 

110 * | e | 

x02 | © d 2105 {weaned 22 | © . to every foot 
R in length. [ 28 0 1 4 in length. 
W110 > © | 22 5: 3» 
62 | © I- -Ox BS © po. 


Note, What we have here rendered the riſing of the floor timbers, the 
author calls the Aculement, and makes a diſtinction betwixt it and the 
riſing, which we (hall ſee when we come to form the frames, 

They differ as much in determining the ſtation of the midſhip frame, 
ſome placing it before, others at the middle of the ſhip ; others again 
have two floor timbers of equal length, and rifing, one of which is placed 
exactly in the middle, or the breadth of the timber before the middle, 
and the other at a proper diſtance before it. Thoſe who place it before 
alledge that if a ſhip is full forward, after ſhe has once opened a column 
of water, ſhe will afterwards meet with no reſiſtance, and the water will 
eaſily unite abaft, and by that means force the ſhip a-head, and have 
more power on the rudder the farther it is from the centre of gravity ; 
and beſides this comes neareſt the form of fiſhes, which ſhould ſeem to 
be the moſt advantageous for dividing fluids, 

Thoſe who would have it placed in midſhips ſay, that by that means 
the water-lines forward will be eafier, and of conſequence properer for 
dividing fluids; and that there will be ſpace enough betwixt it and the 
rudder for forming very fair water-lines, fo that the water will eaſily 
unite at the rudder; and beſides it will be eaſier by this means to ba- 
lance the fore body and after body ; and in general the building will by 
this means be very much facilitated : ſo that, in my opinion, it will be 
propereſt to place it very near the middle, though it is the general 

practice to place it before it. 

After the riſing of the midſhip floor timber is determined, we may 
then proceed to fix the height of the riſing line of the floor abaft on 
the poſt, and afore upon the ſtem. | 

Now, as all ſhips are narrower abaft and afore, than in midſhips, the 
other floor timbers will of conſequence be ſhorter and have a greater ri- 
ling, which will be ſtill increafing till it ends on the poſt and ſtem. 
There are ſeveral different methods uſed by the builders to ſettle the 
height of this line. Some imagine, that by narrowing the floor abaft, 
which will occaſion the riſing line to be high upon the poſt, the ſhip 


will 
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will thereby ſteer better, and beſides, the water which is opened by the 
midſhip frame will then have a greater preſſure upon the after part of 
the ſhip, and thereby contribute. to her failing : Vet theſe arguments are 
of very little weight; for if we only conſider the ſteerage, it is certain, 
that the higher the riüng line is carried abaſt, and the narrower a ſhip is, 
the water will have the eaſier paſſage, and more power upon the rudder. 
But then we ſhall thereby run the riſk of falling into two great inconve- 
niencies; for by this means we: take away the buttock, which is the 
only thing we have to ſupport all the weight of the after part of 
the ſhip; neither ſhall we be able to give a proper balance betwixt 
the fore and after part, and when the fore and after parts are not 
duly. balanced, it wall occafion a ſhip to pitch very hard, and be in dan- 
ger of being frequently pooped by the ſea when it runs high, To prevent 


theſe inconveniencies it will be proper to give all ſhips, eſpecially the 


large ſort, a full buttock. As to the height of the riſing line afore, it 
ſhould be determined by the form of the water lines; but before this can 
be done, the timbers muſt be formed. 

Note, What we have rendered the rifing line of the floor, our author calls 
les fagons, which, he ſays, is the increaſe of the acculement, the extreme 
points of which upon the perpendicular. of the flem and poſt, are now to 
be determined. 5 | 

The height of the lower deck is the next thing to be conſidered : It is 
determined in midfhips by the depth of the hold, and ſome builders make 
it no higher at the ſtem ; but they raiſe it abaft more than it is in mid- 
ſhips, as much as the load-water mark abaft exceeds that afore. As to 
the height betwixt decks, it is altogether arbitrary, and muſt be deter- 
mined by the rate of the ſhip, and the ſervice that the is deſigned for. 


We come now to eonſider the upper works, or all that is above water, 


called the dead- work: And here the ſhip muſt be narrower, ſo that all 
the weight that lies above the load-water line will thereby be brought 
nearer the middle of the ſhip; by which means ſhe will ſtrain leſs by 
working the guns, and the main fail will be eaſier trimmed when the 
ſhrouds do not ſpread ſo much. But though theſe advantages are gained 


by narrowing a ſhip above water, great care muſt be taken not to narrow 


her too much, for there muſt be ſufficient room upon the upper deck for 
the guns to recoil. The ſecurity of the maſts ſhould likewiſe be conſi- 
dered, which requires ſufficient breadth to ſpread the ſhrouds, though this 
may be afliſted by enlarging the breadth of the channels. 
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G H A P. II. 


Of the Scantlings and Dimen ons of the principal Pieces of 
Timber in a Ship. © 


LTHOUGH it is not my intention, as I obſerved in the begin- 
A ning of the laſt chapter, to treat of all the pieces that compoſe the 
ſhip, yet I think it neceſſary to ſay ſomething of the principal pieces. 
I ſhall therefore in the following plate lay down each piece by itſelf, by 


which means we ſhall ſee the length of the ſcarphs, and in what manner 
they are to be joined together, | 


Explanation of Plate I. 
I. 
A. The keel in four pieces, to be well bolted together, and clinched. 


II. 


I. The fore foot, one end of which is ſcarphed to the fore end of the 


keel, of which it is a part, and the other end makes a part of the ſtem, 
to which it is ſcarphed. 


III. 


uu, Two pieces of dead wood, one afore and the other abaft, fayed 
upon the keel. 


IV. 
C C. The ſtem in two pieces, to be ſcarphed together. 


V. 


E E. The apron in two pieces, to be ſcarphed together, and fayed on 
the inſide of the ſtem, to ſupport the ſcarph of the ſtem; for which pur- 
poſe the ſcarph of the apron muſt be clear from that of the ſtem. 


VI. 


0. The ſtemſon in two pieces, to ſupport the ſcarph of the apron, 
o. The falſe poſt, which is fayed to the fore part of the poſt. 


VII. | 


B. The ſtern poſt: It is tenanted into the keel, to which it is faſtened 
with a knee, D. The 
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x. | | 
'D. The back of the poſt, which is likewiſe tenanted into the keel and 


well bolted to the poſt; the deſign of it is to give ſufficient breadth to 
the poſt, which ſeldom can be got broad enough-in one piece. 


„ 
F. The knee which faſteneth the poſt to the keel. 


X. 


N. The wing tranſom. It is fayed acroſs the ſtern poſt, and bolted 
to the head of it: The faſhion pieces are faſtened to the ends of it; un- 
derneath this and parallel to it is the deck tranſom. 


XI 


OO. Two tranſoms faſtened to the ſtern poſt and faſhion pieces, in 
the ſame manner as the wing tranſom. 


XII. 
P. The tranſom knee, which faſteneth it to the ſhip's ſide, 


XIII. 


Q. The faſhion piece, of which there is one on each ſide: Their heels 


are faſtened to the ſtern poſt at the height of the floor ribbands, and their 
heads are faſtened to the wing tranſom, | 


XIV. 


= * timber. It is laid acroſs the keel, to which it it faſtened 
by a bolt through the middle. 


| XV. 
K. The lower futtock, 


XVI. | 
TTTTT. 2d, zd, 4th futtocks and top timbers. Theſe ſhew 
the proper length and ſcarph of the timbers in midſhips frame, 


XVII 


U U. Riders. Theſe are fayed in the inſide of tho ſhip, and conſiſt 
of floor and futtock riders, : 
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XVIII. 

Z. The keelſon. This is made of two or three large pieces of timber 
ſcarphed together in the ſame manner as the keel. It is placed over the 
middle of the floor timbers, and ſcored about an inch and a half down 
upon each of them. 


XIX, 


R, 8. Breaſt-hooks.. Theſe are fayed in the inſide to the ſtem, and to- 
the bow on each ſide of it, to which they are faſtened with proper bolts. 


There are generally four or five in the form of R in the hold, one in. 
the form of S into which the lower deck planks are rabbited; there is 


one right under the hawſe holes, and another under the ſecond deck. 
XX. 
X,Y, Z. are thick planks which are fayed in the infide, and ſtretch: 
fore and aft to ſtrengthen the ſcarphings of.the'timbers.. * 


XXI. | 
Z. are thick planks. in the infide, called clamps,. which ſupport the 


ends of the beams. 


XXII. 


15, 15, 15, 15, 15, are the wales. They are planks broader and thicker 


than the reſt, which are faſtened to the outſide of the ſhip in the wake 


of the decks. We ſhall have occaſion in another place to ſhow how: 


they are laid down in a draught. As to the plank below the wale to the 
keel, and above it to the top of the ſide, we refer to the fection of one 
half of the midſhip frame, as laid down in the plate. 


| XXIII. 
4, d, d. d, d, d, d, are knees. Theſe are crooked pieces of timber con- 


fiſting of two arms which form an angle, either within or without a 


ſquare, or exactly ſquare; their uſe is to faſten any two pieces together, 
as the beams to the ſhip ſides. 


| XXIV. 
19. The rudder. This is joined to the ſtern. poſt by the xudder irons, 


upon which it turns round in the googings Which are faſtened upon the 


ſtern poſt for that purpoſe. There is a mortiſe cut out of the head of 
it, 
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it, into which a long bar is fitted, called the tiller, by which the rud- 
der is turned from one ſide to the other. 


XXV. 


23. The cat t heads. Thefe are two large pieces of ſquare timber, one 
on each ſide of the bowſprit. They project out before the bow, in order 
to keep the anchor clear of the ſhip, which is hove up by a rope called 
the cat fall, that paſſes through ſhivers in the outer end of the cat-head: 


Their inner ends are faſtened upon the forecaſtle. 


XXVI. 


n, m, i, i, i, are the ſeveral pieces which compoſe the knee of the head; 
the lower part m is fayed to the ſtem, the heel of it is ſcarphed to the 
head of the forefoot; it is faſten'd to the bows by two knees called 


cheeks, in the form of /. and to the ſtem by a knee call'd a ſtandard, 
in the form of K. 


XXVII. 


Beams &, a, X Y, are large pieces of timber which ſupport the 
planks of each. deck. 


Having thus explai ned all the prec es in the plate, we ſhall in the following: 
table give their ſcantlings. | 
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HAP. II. 
A Method to lay down a 70 Gun Ship upon the Plane of 


Elevation. 

HE Dimenſions we have given of the principal parts of a ſhip 

of each claſs collected from the practice of different builders, 
which many have ſo great a regard to, as not to vary from them in the 
minuteſt article, we think only to be ſo far obſerved, as they ſhall produce 
ſuch a form as the ſervice the ſhip is deſigned for, ſhall require, agreeable 
to mathematical principles. br 352 | ; 
Me ſhall now illuſtrate what has been ſaid on that head by drawing a 
ſhip from theſe dimenſions. But it will be firſt neceſſary to obſerve, that 
the builders make uſe of three different planes for one ſhip ; iſt, the plane 
of elevation, in which the whole length is laid down accordi'g to a ſide 
view; 2d, The plane of the projection, which ſome call a vertical plane 
of the timbers, becauſe it gives us an end view of the form of all the 
timbers, before the plank is put on. zd, The horizontal plane, upon 
which are deſcribed all the curves that are formed by ſections of the bo- 
dy parallel to the horizon, which muſt be conſidered as well as thoſe 
vertical ſections which form the curves of the timbers. We may likewiſe 
form the curves of the ribbands upon this plane, which will be of great 
uſe in proving whether the form we give the timbers will produce a 
fair fide. 25 — 

It is indifferent with which of theſe we begin, though that of the 
elevation ſeems moſt commodious. Bat firſt of all it will be very proper 
to draw out a liſt of all the dimenſions of the veſſel we are to build, fo 
that we may have a view of the whole deſign. - 

This ſhip then is to have two tier of guns, ſo there muſt be two decks 
quite fore and aft, likewiſe a quarter deck as far as the main maſt, a fore- 
caſtle 33 feet long, and a poop to the mizen maſt. 

There are to be 13 ports of a ſide on the lower deck, the guns to carry 
24 lb. ſhot; 14 ports on each ſide upon the upper deck, the guns to 
carry 18 lb ſhot ; on the quarter deck 4 guns, and on the forecaſtle 2 guns 
of 8 lb. ſhot on each fide, and 2 of 4 1b, on each fide on the poop. 


Ports 
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- "feet in. |. 

Ports on the iert deck fore 44 aT. * 10. 40 
Diſtance. betwixt the ports 7 
Aftermoſt port from the poſt — — 9 3 
Foremoſt from the ſtem — — 7 
Height of the ſells, including: the ſower deck ck planks by 2-0 
Ports up and down on the lower deck — — 1 
Diſtance from the upper ſide of the lower deck beam to the | 6 

upper fide 7 the upper deck 'beams ot NOSE 


Ri1fing:bf The ſecond deck abaft — — 11 
Second deck ports up and down — — a . 
Second deck ports fore and aſt — 2 6 
Height of the ſells from the deck line — — I 11 6 
Diſtance betwixt the ſecond deck and quarter deck from J „ 
plank to plan ; 
Quarter deck ports up and down — — 1. 19 
Quarter deck ports fore and aft — — 2 
Height of the ſells — — — b 
Diſtance betwixt the quarter deck and poop — 56 2 
Ports on the poop fore and aſt — . 10 
Height of the ſells _— — — 3 
Length ſrom rabbit to rabbit on the gun deck — 156 3 
Extreme breadth — — — — 42 
Depth in the hold below the plank — — — 0 3e 
Riſing of the lower deck abaft, not including the difference 1 8 
of the draught of water J 183 
Height of the ſtem — — — F 
Height of the poſt —— — x "ET. 
Rake of the ſtem — —— — . 
Rake of the poſt — — — 3 1 5 
Length by the keel — — — 139 6 10 
Depth of the keel — — Ti” ix FE. 4 
Length of the wing tranſom — — 27 
Length of the midſhip floor timber — — "II 
Riſing of ditto — — = 77... 0B WY 
Difference of the draught of water abaft more than afore 3 .:@ 
Height of the riſing line of the floor abaft 14: _&: 6 
Height of the riſing line of the floor afore OY | 


1 
I would adviſe young beginners in the art of drawing to conform 
exactly to theſe dimenſions, which we have here given for an example, 
and 


Ab. fr.. 


„0% The Plane f Eurim. 1% 
gde een the! pen are, which e dau ive In ien 
down. a | p. of 70 guns z for they muſt begin by making,themſclyes 


acquainted with the terms, and thereby gain a general idea of the whole 
de 85. After auß! is draught, they may then 1 N to another 
of a different rate, and as we have given the principal dimenſions of ſe- 
5 good ſhips, they may chuſe ſuch a ohe as will beſt anſwer their 
elig ö | | ls 3 4 
Plate II. Fig I. 1ſt. Provide a ſcale of equal parts properly divided into 
feet and inches, adapted to the intended Wrath of the draught, and Aa 
the line A B, which make 156 feet 3 inches for the length of the gun 
deck, from the rabbit of the ſtem to that of the _ 

Io find the length on the gun deck, ue, 13, the ] f. in. 1 
number of ports, by 2 f. 10 in. the dimenſions o ech pore (36 10 © 

fore and aft, the product is f! [ooett 16K” LITE 
bert bye, oO 06 


Again nnltiply-7 f. 9 in. the diſtance betwixt the 
12, the number of ſpaces, the product is 
t 


Aftmoſt port before the poſt 9 3 0 
Foremoſt abaft the ſtem RO ene ee, 17.2.0. 


in 1 tl Hiw dig 01 os 0: 
adly, Dia wy the line OD equal and parallel to AB, let 21 feet, the half 
of the main breadth,” be the diſtance bet wixt them, and erect the perpen-- 
diculars GF-and TP. Kd 2 
3dly.: Set off 3 feet 2 inches; the difference of the draught of water, from 
B)to: G; and draw the line , which! will give the pbſition of the 
lower ſide of the keel. From A ſet off 1 foot 7 inches 3 lines, the depth 
of the keel, as in the table of ſcantlings, to K, and draw the line K I pa- 
rallel to A G, which will be the upper ſide of the keel. 
Athly, Set off 1 foot 3 inches 3 lines, the breadth of the ſtem from G 
to M, and draw the dotted line MN parallel to G Z. From G ſet off 
15 feet 7 inches 2 lines the rake of the ſtem, to Oo. 
5thly, Set up 31 feet 9 inches 3 lines, the — of the ftem from 
G to P. With the radius IP deſetibe the arch P O, which will be the 
fore ſide of the ſtem, and from the ſame center deſcribe another arch 
within the former, which will give the inſide of the ſtem, and another 
arch for the rabbit may be deſcribed four inches before the inſide of 


the ſtem. | Sl ngen 5 \ » 5 90 
et 1 inch from K to L for the height of the gun 


6tly, Set up 25 | | 
deck abaft, and 21 feet 6 inches from I to e, foy the height afore = 
7thly, Set up 2 feet 5 inches, the height of the port-ſclls from L to 4, 
which will giye the upper ſide - the wing tranſom ; from which * up 
| 2 tec 
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2 feet 7 inches, the height of the ports; alſo 1 foot for the depth, and 
6 inches 9 lines for the; round of the helm A onde to the point F, 
which will be the height of the poſt; fo K F will be 31 feet 7 inches 
9 lines. From K ſet off 3 feet 1 inch 5 lines to 5, for the rake of 
the poft, and draw the line Ff for the aft fide of the poſt. From f to 
b ſet off the depth of the keel, and draw the line d for the fore fide of 
the poſt, making F 4+ of Fl, fo ſhall FO be the whole length of 
an | n i een 
The builders are very much divided about affigning a proper place for 
the midſhip frame, for which the following method may be uſed; 

Divide the line CD into two equal parts, then take 5 feet 6 inches 
10 lines, that is r part of 156 feet 3 inches, the length of the gun 
deck: Set off this before the middle of the line C D, which will give 
the point E the ſtation of the midſhip frame. Set up 21 feet from F to. 
Z, which will give the height of the gun deck at the midſhip frame. 
From the point Z ſet off 2 feet 7 inches 6 lines (the + of the height of 
the gun deck at the midſhip frame,) through which point draw a line VT, 
parallel to C D. which will be the load-water line. Through the point F 
draw the line G, parallel and equal to the load-water line, which will 
ſhew how much water the ſhip will draw abaft more than afore. | 

One of the frames is placed pretty near the-cheſs tree, which is called 
the loof frame; to find its place, from the point of D ſet off à of the line 
DC, and there draw a dotted line perpendicular to A B. Again divide 
the line PG into nine equal parts, and draw eight lines perpendicular to 
2 B, which will ſtation eight frames in the fore- body beſides that of 
the loof. | 055 ‚ „ Wy 

There is in the after-body a frame to balance that of the loof in the 
fore-body ; theſe two are of equal breadth in ſome points, and this will 
occaſion the center of gravity of that part contained betwixt theſe two 
frames to be near the plane of the midſhip frame, which will Keep the 
fore part and after part upon a balance. It muſt be as far abaft the 
middle of the line CD as that of the loof is before it. 

The frames in the after- body are the ſame diſtance from one another 
as they are in the fore, which will occaſion one more abaft than before; 
ſo there are nine abaft, beſides that of the balance. | F 

We fhall in the next place lay down the deck lines, and firſt for the 
lower deck draw a fair curve through the points L Z e, and parallel to it 
draw another eurve for the port - ſells, which are 2 feet 5 inches above 
the deck line. | Hom) vere 222d) 1 

1 . N 
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„ "Of the Plane of Elvation.  _ 1g 
The aftermoſt port is 9 fect 3 inches before the poſt, which ſet off to x, 
and the ports are 2 feet io inches fore and aſt; which ſet off from & to x, 
the diſtance betwixt the ports is 7 feet 9 inches, which ſet off from x to Y 
for the aft ſide of the ſecond port; from Y again ſet off 2 feet 10 inches, 
which will give the foreſide of the next. Proceed in the ſame manner 
till all the ports are ſpaced; ſo ſhall the foremoſt port be 17 feet 2 
inches abaft the rabbit of the ſtem. The height of the ports is 2 feet 
7 inches; which ſet up from , draw a curve parallel to the deck line, 
which will give the upper part of all the ports; after which theſe two 
lines may be wiped off the Kad. which muſt be therefore drawn with 
a black lead pencil, and only the ports inked in. 
Draw a line for the upper deck, which is 6 feet 11 inches above the 
lower from the midſhip frame forward, and 6 inches more abaft. We may 
then draw a line for the port-ſells, and one for their height parallel to the 
deck line, and ſpace the ports ſo that they may be exactly over the mid- 
dle of the diſtance betwixt the lower deck ports. 
Before we can ſet off the height of the Quarter deck we muſt find the 
true place of the main maſt. The general rule is to take 4 lines ſor 
every foot the gun deck is in length, and ſet it off abaft the middle, 
which will give the fore ſide of the maſt: now the length 156 feet 3 inches 
x 4 lines = 62.5=4 feet 2 inches 1 line, which ſet off abaft the mid- 
dle of the line CD, and there erect a line perpendicular to the water-linc, 
which will be the fore ſide of the malt, and parallel to it draw a line for 
the middle, and one for the aft ſide of the maſt, the diameter of which is 
35 inches. . Set off 6 feet 6 inches on the aft ſide of the main maſt, for 
the height of the quarter deck afore, and 6 feet 10 inches for the height 
abaſt; and draw a line nearly parallel to that of the upper deck, which 
will be the line for the quarter deck. We may then ſpace the ports, 
ſo that they may be exactly over thoſe of the lower deck. The forecaſtle 
is 6 feet 6 inches high, at which diſtance draw a line parallel to the up- 
per deck line, which will give the line for the forecaſtle deck. As to 
the length of this deck, it ends forward at the beak head, and is carried 
aft diſcretionally, obſerving to leave room for the capſtan bars. In ſpa- 
cing the ports upon the forecaſtle, care muſt be taken that none be op- 
Polite to the fore maſt. Now to find the center of this maſt, take 1 5 feet 
7 inches 2 lines, the tenth part of the whole length, which ſet off from 
the rabbit of the ſtem upon the lower deck abaft, from which point ſet off 
32 inches and 1 line, being the diameter of the maſt, through the middle 
of this draw a perpendicular line, as in the plate. The boltiprit gene- 
rally makes an angle of 34 or 35 degrees with the load-water line. 
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The poop is pretty near parallel to the quarter deck; the diſtance be- 
twixt them forward is 6 feet, an abaft 6 feet 3 inches. It ends about 
18 inches before the mizen maſt, the aft ſide of which is 5 of the main 
breadth before the rabbit of the poſt upon the ge WEL? pins e 

The counter is generally an arch paſſing from the. upper fide of the 
wing-tranſam to the lower ſide of the beam of the ſecond deck. The 
rake of the lower counter is 3 of an inch for every foot of the main 
breadth, The rake of the ſecond counter is ⁊ of the lower; its height 
above the deek is 3 feet 5 inches. The hollow of the counters is altoge- 
ther arbitrary, inſomuch that ſome give none to the lower. The upright 
of the ſtern rakes 2 12559 in a foot, as in the plate. 34, eK e E 22 

The beauty of a ſhip. depends much, upon giying the wales a proper 
hanging; for by them the ſheer and drift rails are regulated, being all 
nearly parallel to one another, though they generally riſe. a little more 
abaft on account of the accommodations for the officers. It is this 
which makes a ſhip look airy and graceful in the water. There is no 
certain rule for laying them down; this is left entirely to the fancy and 
taſte of the artiſt; but in placing the wales great care muſt be taken that 
they be wounded as little as poſſible by the ports; the foremoſt port on 
the gun deck muſt be 14 or 2 inches above, and the third port from 
abaft juſt touch the upper ſide of the upper ſtrake of the main wales. 
The lower edge of the lower ſtrake may glance with the edge of the wa- 
ter when loaded. There are two ſtrakes of wales, and one ſtrake between 
them of 15 inches broad each. The range of the deck ſhould be conſi- 
dered in placing the wales, ſo that the ſcuppers may be in the ſtrake 
betwixt the wales. The like caution muſt be uſed for the channel wales 
as may be ſeen in the plate, where they are all laid down, together with 
the ſheer and drift rails; the rails, cheeks, and knee of the head are like- 
wiſe laid down in the plate, and being for an ornament to the . ſhip, are 
left to the fancy and taſte of the builder. Though the knee may help a 
ſhip to hold a good wind, the fore part of it is generally one twelfth 
part of the length before the ſtem. ter th 
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[AVING thus explained all that is necellary. to to be delineated 
I upon the plane of elevation, the next thing to be determined is 
the different breadths of the ſhip at any alligned points of the length, 
planes that ate made by ſec- 
tions, perpendicular e to the load-water line. The timbers that compoſe 
e body of a ſhip ar ſuppoſed to haye their planes in that poſition, and 
= be all deleted upon the plane of the projection; but as both ſides 
of a ſhip are exactly the of 424 it K wil ſuffice to lay down the half of 
620 thoſe of the fore-body on the right, and thoſe of the after-body on 
the left hand. And whereas theſe, planes diminiſh afore and aft, the 
planes of all the frames may be all delineated upon the plane of the 'mid- 
ſhip one, which . may be called the maſter frame. The firſt thing then 
neceflary to be kaown is how. to form this frame. ; | 
The mid-ſhip frame is that which is at the broadeſt part of the ſhip. 
The builders differ about the form of this frame, but there are ſeyeral 


eum operations which are neceſſary to * obſeryed. in all the dif- 
ferent methods uſed in forming it. i: | 


Preliminary Operations for forming the M. 0b Frame, 


— Plate III, Fig. I. and II.] 1ſt. Draw the line AB to repreſent the upper ſide 
of the keel; it muſt be at leaſt as long as the ſhip is broad. This line our 
author calls the line of aculement, becauſe upon it the aculement of the 
midſhip floor timber terminates. 

2dly, Draw the line CD parallel and equal to A B, fo that AC and 
BD may be equal to the filing of the midſhip floor timber. This line 
may be called the riſing line, becauſe it limits the beighir of the ends of 
the midſhip floor timber above the keel. 

zdly, Draw the line G H for the height of the lower deck parallel to 
the former, and below this draw a line to repreſent the load- water line, 
tak ing its diſtance below the deck line from the plane of elevation at the 
midſhip frame. Draw alſo the lines TK and L M, the one for the ſe- 
eond deck, and the other for the ſheer rail or top of the ſide in midſhi Ps. 
The height of both are to be taken from the plane of ele vation. 


Athly, 


7 
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4thly, Draw the line NO perpendicular to A B; this is called the 
middle line, and repreſents the middle line of the ſtem and poſt, dividing 
the whole ſhip into two equal parts; and parallel to NO draw the 
lines AL and BM, to limit the breadth ; alſo a line for half the thickneſs 
of the ſtem, and one for half the thickneſs, ofthe poſt. Draw the lines 
2 & parallel to NO, dividing the lines OA and OB into two equal 
parts. Draw alſo the _ = GB. Theſe lines being drawn, we may 
proceed to form the mid ip frame by ſome of the following methods. 
0378 M4 93511 ia% MET H O D I. +: TILE 
To form a Midſbip Frame that ſball be neither too ſharp nor too flat. 
Plate III. Fig. I.] 1ft, Divide the line a x, which marks the head of the 
floor timber into three equal parts; ſet off one from a tob 
2d, Divide the line 4 B, the diſtance betwixt the load-water line and 
the upper ſide of the keel, into ſeven equal parts; ſet off one of theſe 
from 4 to e, and from e to n, and draw the diagonal a V, which divide 
into two equal parts in the point a. Note, the diagonal a V is wiped 
out after 7 *. the point u. go | | | | 
zd. Deſcribe an arch of a circle to paſs through the points & and e, 
make the radius the whole length and half the length of the line Be, fo 
the center A may be found by deſcribing an arch with that radius from e, 
and one from & to interſe& one another in A, we ſhall only make uſe 
of that part of this arch betwixt /and m. Now, to find the other 
arches n d, la, an, uV, it muſt be obſerved, that in order to recon- 
cile two arches, ſo as to make a fair curve, a ſtrait line muſt paſt through 
the centers of both, and through the points where they unite or touch 
one another; draw therefore the lines Am and A , ſo ſhall & be the 
center of the arch 92 4, and o the center of the arch 44. Again through 
the center o draw the line a 0, produce it to P, which will be the center of 
the arch à u. Laſtly, from P thro' draw the line P s, s will be the center 
of the inverted arch n V. Note, the center s will be without the Plate. 
4th. To form the top timber ſet back the tenth part of the half 
breadth from K to S, upon the line of the ſecond deck; deſcribe an arch 
of a circle thro' the points d and K, taking 5 of the whole breadth for the 
radius: Again, from the point M, upon the line LM, ſet back the fifth part 
of the whole breadth to g. Deſcribe an arch of a circle through the 
points 8 and I, taking the diagonal GB for the radius. As this arch is 
inverted in reſpect x the arch 4S, the center will be without the figure. 
This compleats the form of half the midſhip frame, and by the ſame ope- 
rations we may find the other half. 
It muſt be obſerved that there is no regard had to the found of the 
beam iu ſetting off the deck line or depth of the hold. M E- 


- 
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T db 

| To deſcribe a Midſbip Frame of a circular Floor. Ny 

Plate III. Fig. II. From the center &, the point where the middle line 
interſe&s the deck line, n. King the half breadth the radius deſcribe the 
arch &, G, c, O: Let 4 be the head of the floor timber, and 4x the riſing. 
Aſſume the point f, according to what round you propoſe to give to the 
ſecond futtock, and deſcribe.the arch 4/; the center may be found as di- 
rected in the preceding method. Divide the arch cO into three equal 
parts; ſet off one from c to g, and from the center Y; deſcribe the arch 
d g : there remains only the inyerted arch g Y to be deſcribed ;- the center 
may be found as before direQed. n er 


NME T H OD m 
To draw a Midſbip Frame which ſball be very full. 


Plate II. Fig. IL] Iſt. Draw the rifing and deck lines as before; let 4 
be the riſing. | 498 
4 NN db the ſide of the ſquare 4b ac equal to Ch the + of the 
breadth. 4 75 | | 

3d. Inſcribe the two quadrants c eb, and cf into the ſquare. 
4th. Divide the fide c 4 into a certain number of equal parts in the 
points O, N, M, L a; draw the lines i L, h M, Sc. perpendicular to ac. 
F. Divide the line CG, the depth of the hold after deducting the ri- 
ſing, into the ſame number of equal parts in the points E, F, I, K, and 
make the lines Ep, Fg, Ir, K, in the frame, equal to the lines Or, 
Nx, Me, Ln in the ſquare, deſcribe a curve through the points G, %, 9, 
7, 5, E, and the remaining part of the frame may be deſcribed by the pre- 
ceding methods. . $5 2] 9 


* NME T HO D Iv. 

W To deſcribe a Midſhip Frame for a very ſbarp Ship. 

Plate III. Fig. 1V.] Let the length of the floor timber be half the breadtt. 

as before, and the riſing one fifth or one fixth of the whole length of the: 

floor timber; lay this off from æ to E, and deſcribe a parabola through. 

the points. G, P, Q, E, of which the point & is the. yertex; and GC the 

axis, This method is extraded from M. Bouguer. The parabola may 

be formed by the following method: 1. Through the point E draw the 

line T perpendicular to & C, and the line 4 E perpendicular to 187 0 | 
9 | FA IDHCT £19? "ror: "oY P produce: 
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produce the line C G to D, adly, Upn the line GD find the center of a 
ſemicircle that ſhall paſs through the pojnts. T, d, and D, {9 ſhall, GD be 

the parameter of 'the parabola, by which". we may find any number of 
points thtough which the curve muſt paſa: for. inſtance; ſuppoſe it 

were requited to find a point in the petpendicular XP, through Which 
the curve muſt, paſs; upon the line G D findithe center of a ſemicircle 
which ſhall paſs through the points D and X; this will interſęct the line 
A in , make YP equal and parallel to G X, ſo ſhall P be the point 
required; in like manner the points 4 Q may be found. The remainder 
of the curve from E to y will be compoſed of two arches, the one to re- 
concile with the parabola in tlie point E, and the other inverted to paſs 
through the point y; the center of Which may be found byi;any of the 
preceding methods. In order to find the center of that which joins with 
the parabola make T R equal to half the parameter G D, and draw the 
line E R, upon which find a point S for the center of the arch. 

We might ſhew a great wrt more methods of deſcribing this midſhip 
frame. It is very true that great care. ought to be had in forming this 
frame, becauſe upon it chiefly depends the form of all the other timbers; - 
I fay chiefly, but not altogether ; for two ſhips may be ſimilar as to their 
midſhip frames, and yet very different afore and abaft; and though the 
artiſts ſhould make themſel ves acquainted with all the different ways of 
forming this frame, I ſhould recommend that method to them which is 
the ſimpleſt and which. gives them the moſt liberty to vary the form of 
it, according to every one's particular taſte or fancy; and it is very poſſi- 
ble there may be ſeverab other methods as caſy and plain as thoſe we: ha ve 
deſcribed. This frame being once formed, we may form all the reſt upon 
the ſame plane. We ſhall in the next place ſhew the different methods 
uſed by the builders for tliat purpoſe. at eri n len d b 

The ancient builders not being acquainted with the methods of laying. 
down their deſigns in a draught, found out a mechanic way of doing this 
only by help of the midſhip frame, which.they might have formed by 
ſome of the preceding methods or any other contrivance of their own; 
and though this method is defective in ſeveral points, yet as it is an inge- 
nious contrivance, we ſhall give it a place here. TE 


Of forming the Timbers by a Mould made to the Midſbip Frame; a ri. 
Plate Il. Fig. VI] 1ſt. Having formed the midſhip frame and ſet off its 


ſcantlings, make a mould to fit both outſide and inſide, which may be 
called the bend mould ad. 
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2d. Draw the line Z x to limit the head of the floor timber at d; let d u 
be the riſing, and draw the line a u let F be the height of the riſing line 
abaft, and draw the line 4 f to repreſent the floor heads, or floor ribband. 
Set off 4x from d to H; and from e, the head of the firſt futtock, 40 6, 
and divide each into ſix equal parts, being the number of frames from 
midſhips to the balance ffuneaeaea . 

3d. Divide the line a « into five equal parts, and ſet. off two of them 
from 4 to 83 divide the line à 8 into the ſame proportion, that the part 
A6 of the baſe A C of the right angled triangle (Ig. 5. ]) is. divided into, 
and transfer theſe diviſions to the bend mould, and — 5 Rr 
o, 1, 2, 3, 4, 5, 6, which points will give the narrowing of the floor, as 
we ſhall ſhew, - after conſtructing the triangle. We ſhall only remark, 
that the line a 8, which is + of a u, is nearly the difference betwixt half 
the length of the midſhip floor timber, and half the length of the floor 
timber at the balance frame. But as this appears to be too much, we, may 
take 3 as in the figure, or any other quantity which ſhall be thought 
moſt convenient. 3 | 1 | ' N | 


To conſtruct the Triangle, Fig. 5. 


Upon the line A C, drawn at pleaſure, ſet off any diſtance from A to 1, 
and double that diſtance from 1 to 2, treble from 2 to 3, and ſo on in 
the ſame progreffion till we have as many diviſions on the line A C as 
we propoſe to have frames abaft the midſhip. Erect a perpendicular at 
A, which may be produced at pleaſure, and from any point B draw lines 
to all the diviſions of the baſe A C. Obſerve that though in the triangle 
we have drawn a line for every frame to the faſhion piece, we ſhall only 
make uſe of fix, there being ſo many to the balance frame. The triangle 
being thus conſtructed, apply the line 4 8 to it, in ſuch a manner, that it 
may be parallel to A C, and be contained betwixt the lines BA and BG, 
the lines drawn from the point B to the points 1, 2, &c. will divide it 
into the required proportion. N iatE oh, oben RT OY} 

To couſtrut# the Riſing Staff, Fig. 5. 

This ſtaff K may be of the ſame breadth with the keel, and a little 
longer than t, the height of the rifing of the floor. In order to graduate 
that ſtaff, ſet off x u, the riſing of the midſhip floor from K to o, and 
make L equal to af ; apply the line o L to the triangle, ſo that it may 


be parallel to the baſe,” and contained betwixt the lines AB and BC 8 
| E . eg 
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lines from the point B to the ſeveral points in the baſe will divide it into 
the required proportion, which will give the rifing of the flo. 
Note, Our author calls x u the acculement, and u d the rijing ; the line 
u a will paſs through the point where the inverted arch joins the floor ſweep. 


Jo conſtruct the over caſt Staff, Fig. 5. 


That we may have a clear underſtanding of what is meant by over- 
caſt, it will be proper to obſerve, that in forming the frames by the bend 
mould, when it is ſet to the narrowing of the floor, the head of the 
mould will come too far in at the deck; the mould muſt” therefore bs 
moved round upon the point which repreſents the floor ribband, till the 
head goes out to the proper breadth ; this will occaſion the lower part of 
the mould to riſe a certain quantity, which is called the over-caſt. In or- 
der to graduate this ſtaff we. muſt determine the difference betwixt the 
main breadth at the midſhip frame, and at the balance frame, which ſup- 
poſe D F, let this be placed parallel to the baſe, and contained betwixt 
the line BA and B6 ; ſo ſhall the lines B6, B 5, &c. divide it into the 
required proportion. 

Theſe are the inſtruments that are neceſſary for forming the after 
frames, thoſe for the fore part are conſtructed in the ſame manner, only 
the graduations for theſe are but half the graduations of the former, for 
which reaſon there muſt be another bend mould graduated for the 
fore body. | 
| Now, in order to form the frames by theſe inſtruments, place the bend 
mould upon the riſing ſtaft in ſuch a manner that the middle line of the 
ſtaff produced may paſs through the narrowing of the floor upon the 
bend mould, expreſſed by the diviſion correſponding to the frame to be 
formed; ſuppoſe frame 6, (Fig. 7.) the lower or ſtrait part of. it 
expreſſed by the dotted line in the figure being applied to the ri- 
ſing ſtaff, till the middle line B a paſs through the diviſion 6 on the bend 
mould : mark by the edge of the riſing ſtaff the point 6, which expreſſes 
the riſing of the floor at that frame, Set up the over caſt (expreſſed by 
the ſpace contained betwixt the points 5 and 6 upon the over caſt ſtaff) 
from the lower part of the bend mould to the point 6 upon the line Ba; 
then keeping the point 4 immoveable, turn the bend mould upon this 

int till the lower part riſe to the overcaſt at the point 6 upon the line 

a, and when in this poſition we may deſcribe the curve to the floor 
head, and then invert the bend mould, and placing the point 6 (betwixt 
4 and H) to the point ſet off before to expreſs the riſing, turn the mould 

| | attention Werke be noe | 
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till the ſtrait part touch the curve before deſcribed, and then draw the 
lower part, which compleats the frame. e er n 
This is the method that is uſed when they mould the timbers, and it 
may likewiſe be uſed to lay them down upon a draught; for if the line 
au of the bend mould (Fig. 8.) be laid upon the line A V, we may, 
when in that poſition, deſcribe the midſhip frame from the point 4 
to the point X. In like manner we may deſcribe all the reſt of the 
frames, by giving each its proper over-caſt and riſing; as for inſtance, 
if it were required to deſcribe frame 6, take the riſing K 6 upon the 
riſing ſtaff, . and ſet it off from the point B to the point'a- upon 
the line BG, and draw a line through the point @ parallel to AV; 
upon which laying the bend mould in ſuch a manner that the point 6 
which expreſſes the narrowing of the floor, ſhall be upon the point a; 
then will the point 4 be upon the point RS: ſet up the proper over-caſt 
from @ to 6, and keeping the point d immoveable, puſh up the bend-mould 
which at firſt was placed at the point a, till it be raiſed to the point 6, which 
will throw out the point X to the proper breadth at the deck. But be- 
cauſe the deck is higher at timber 6 than at the midſhip frame. Take 
the diſtance betwixt e and 6, at the head of the futtock on the bend 
mould, and ſet it up from x to 6, and then inverting the bend mould, ſo 
that the point 6 betwixt 4 and H be at the point X, and the ſtrait part of 
the mould touch the curve before deſcribed : we may then deſcribe the 
lower part to the point X, which compleats the whole frame. The tim- 
bers for the fore body may be deſcribed by the ſame proceſs as thoſe of 
the after body, only making uſe of the bend mould, rifing and overcaſt 
ſtaff graduated for that purpoſe; but as we obſerved before, we cannot 
lay down any timbers by this method but thoſe betwixt the midſhip and 
ballance frame. 7 re | 
The builders finding how very advantageous. it would be for them to 
form all the timbers upon the plane of the projection, becauſe they could 


then at one view ſee how they would compare one with another, have 


tried ſeveral expedients to perform this, of which I might inſtance ten or 
twelve, but ſhall content myſelf with explaining three, which may be 
fufficient for thoſe purpoſes, in order to which I ſhall firſt ſhew another me- 


thod of forming the midſhip frame, different from thoſe we have ſhewn 


before. „ N. 
m ſt, Draw the riſing deck and load- water lines, and ſet off 
A I. Pig 3 the length of the floor timber as before. | 
24, Take one fourth of the length of the floor timber, and ſet it off 
from O to d, upon which erect the perpendicular dc, and divide it mo 
30. 


two equal parts in the point e. 
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24, Defcribe an arch through the point a, the head of the floor tim- 
ber, and the point e, taking for the radius the diſtance from the upper 
edge of the keel to the port-ſells, or a little more or leſs, according to 
what round you propoſe to the floor head. This determines. the riſing of the 
floor timber, and with the radius OJ, half the length of the floor timber, 
deſcribe the arch e Y, which determines the aculement of the floor timber. 

4th. At the point /, the middle of the line A O, erect. the perpendi- 
cular Im; and at the point 7, the middle of the line A 4, erect the 
pendicular uo; erect alſo the perpendicular p at the middle of the line 
An; and another 7s, at the middle of the line Ap; and laſtly, another 
tu, at the middle of the line Ar. ET , fibers 

5th. Take the diſtance In, which ſet off on the line n 6: from to ; 
and on the line pq, from p to g; then taking the diſtance from 4 to g 
ſet that off from p toy; again take the diſtance ph, Which ſet off from 
r to b, and the diſtance ba from to F; and laſtly. take the diſtance / F, 
which ſet off from f to E, and then the diſtance E @ from t to x, a curve 
paſſing through the point a, 2, y, F, x, T, will form the mid{hip frame un- 
der water. We may then ſet off half the thickneſs of the poſt and ſtem 
on each fide of the middle line, and form the reſt of the timbers ; thoſe 


for the fore body on the right, and for the after body to the left of the 


middle line. | 


Plate II. Iſt. To lay down the poſt upon the yuUn of projection, take the 
difference of the draught of water abaft more than in midſhips, as 
marked on the plane of elevation (Fig. 2.) ſet off this from F to 4 
(Fig. 3.) and draw the line de parallel to AB; take alſo K F, the height 
from the plane of elevation, which ſet off from e to r, ſo ſhall the point - 
be the head of the poſt. | | 0 
2d, to lay down the wing tranſom, take its height from the plane of 
elevation, which ſet up on the plane of projection to /, and draw the line 
g perpendicular to the middle line, ſo g f repreſents the upper fide of 
the wing tranſom without regarding the round up or the round aft. Take 


alſo the height of the riſing line upon the poſt trom the plane of elevation, 
which ſet off from e to G. 


3d- To form the faſhion piece; take upon the plane of the projection 
„G the height of the load-water line, above the riſing line upon the 
poſt, which ſet off from 7 to o upon the water line; take alſo GP, the 
diſtance betwixt the riſing line and lower deck, which ſet off from P to 
q upon the deck line, and deſcribe a circle through the points f, q,v. There 
is a problem in geometry to find the center of this arch, Note, the point 
9 may be taken further out or in, as you deſign a lank or full faſhion piece. 


Laſtly, 


= 


CAP. IV; MM ue Fh of Pwjechion. 29 
Laſtly, deſcribe the arch ; the radius of this arch may be the main 
half breadth; ſo ſhall , , o G be the form of the faſhion piece, which 
may be varied according to the fancy of the artiſt; by altering the: centers. 

Having thus formed the midſhip and after frames; w ſliall in the next 
place ſhew how to ſpace the ribband lines, which are repreſented by the 
diagonals in the figure, but it will be proper ta remark; that the ribbands 
are thin narrow planks which are made fo, that they may eafily be bent 
to the timbers. That which is nailed to the poſt at the height of the riſing 
line, and to the midfhip frame, at the end of the riſing of the floor timber, 
is called the floor ribband. That which anſwers to the wing tranſom and 
to the height of the lower deck, on the midſhip! frame, is called the breadth 
ribband ; all the reſt betwixt theſe two are called: intermediates. 

From the Point H draw the line H G for the floor ribband, and: from 
the point T draw the curve T, E, p for the breadth ribband, and draw 
the two intermediates betwixt them, ſo that by them the curve of the 
midſhip frame and faſhion-piece may be divided into three equal parts. 

Now, it is very plain, that if the ribbands had a proper form, and nail'd 
at the proper heights and poſitions, they would compoſe a kind of a 
model, by which the circular form of every timber might eaſily be diſ- 
covered; but as we have only the extreme points of each given, we 
cannot from thence form ſuch a curve as ſhall be neceſſary. We muſt 
therefore find a method to form ſome intermediate timbers betwixt the 
midſhip and after one, and thereby form the ribbands ſo that they ſhall 
make fair curves, - There are ſome preliminary operations which are ne- 
ceſſary towards performing this. 


1ſt. To conſtruct an equilateral Triangle for the Progreſſion of the 
[ Frames in the After-Body. 

„From the point M ſet off any diſtance to 1, upon any 

FN. Ae bo ſtrait line, 435 from 1 to 2 ele that diſtance, geln 2 to 3 
five times that diſtance, from 3 to 4 ſeven times that diſtance, and proceed 
in that progreſſion, increaſing the ſpaces betwixt the figures by equal 
differences, viz. double the diſtance betwixt M and 1, till we have as 
many diviſions leſs one as there are frames betwixt the midſhip and poſt, 
including that of the midſhip and poſt; and becauſe there are nine frames 
the line muſt conſiſt of ten diviſions, from the point M to the point E. Let 
them be numbered 1, 2, 3, &c. make ME the baſe of an equilateral trian- 
ole S ME, and draw the lines 8 1, S 2, &c. obſerving to produce them 
all till the diſtance betwixt the lines SE and 8 q, upon a line parallel to 


the baſe, be at leaſt equal to the diſtance betwixt the frames in the _ 
| | g 
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of elevation. The line 8 M repreſents the midſhip frame, and the line 
SE, the poſt, and the nine intermediates, repreſent the nine frames be- 
twixt the midſhip and poſt. P0400 WIS B42 

In order to give us a clear underſtanding of the uſe of this triangle, it 
will be neceſſary to remark, that the midſhip frame being that which in- 
cloſeth the greateſt ſpace, and the aftermoſt that which incloſeth the 
leaſt, - it will follow, that the intermediate frames will partake of the 
form of each; but moſtly of that to which they are neareſt; yet they 
will till retain a little of the form of each. Hence, when the interme- 
diate frames are all formed, their curves will divide all the diagonals, 
drawn-in the plane of projection, into as many parts as there are frames; 
and all the methods the builders have invented ſerve only to divide them 
into ſuch a proportion as ſhall produce the faireſt curves. 

Now, if the proportion pitched upon for that purpoſe, be as 1, 3, 5, 7, 9; 
Sc. then they muſt all be divided into the ſame proportions as the baſe 
of the triangle is divided into; and this may be performed very readily, 
only by taking the length of each diagonal from the plane of the projec- 
tion, and applying it to the triangle in ſuch a manner that it ſhall become 
the baſe of an equilateral triangle; as for inſtance, to divide the firſt in- 
termediate diagonal; take the length of it in the plane of projection, 
(Plate II. Fig. z) and ſet it off from the point 8 to and & on the ſides of 
the triangle 8S M and SE; and draw the line , which being parallel to 
the baſe of the triangle, will be divided into the ſame proportion. 
In like manner all the reſt of the diagonals may be divided; but as 
the builders are not agreed as to the preciſe form of a ſhip's bottom, ſome 
chuſe to divide the baſe of the triangle into another proportion; others a- 
gain in applying the diagonals to the triangle give them different inclina- 
tions to the line MS. It would be very proper to try ſeveral of theſe 
methods, by which means we might diſcover which would be moſt con- 
venient; and after all the diagonals are divided into as many points as 
there are frames, curves paſſing through theſe points will determine the 
form of all the frames ſrom the midſhip to the poſt. It only remains to 
ſhew how to end each frame upon the poſt. It was before obſer ved that 
the keel is not parallel to the ſurface of the water, ſo that it will be 
very eaſy to conceive that the height of each frame taken from the up- 
per ſide of the keel, upon a perpendicular to the ſurface of the water, 
will always increaſe, the nearer the frame is to the ſtern poſt. Now 
K is what the keel is deeper abaft than at the midſhip frame; and to find 
how much any frame abaft exceeds that of the midſhip, ſuppoſe the firſt; 
take the diſtance betwixt the line g G and K I at that frame, from the plane 

| | of 
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of elevation, (Plate II.) Which ſet off from F towards d, (Hg. 3.) and at 
that point draw a line parallel to d e, which will be the firſt frame upon the 
keel. In like manner we may draw lines parallel to & e, for all the reſt, as 
in the figure, Which will determine their heights from the upper ſide of 
the keel to the ſurface of the water. 
It muſt be obſerved, that the diagonals in the plane of the projection, 
which end on the faſhion piece, muſt likewiſe end on the faſhion piece on 
the plane of elevation; we muſt therefore draw the faſhion piece on the 
plane of elevation Thus, take the diſtance of the point G, in the plane 
of the projection, from the upper ſide of the keel, which ſet off upon the 
ſtern poſt in the plane of elevation to the point h; through: , the rabbit of 
the wing tranſom, draw the ſtrait line hn, which will repreſent the faſhion 
piece on the plane of elevation. Now as only the loweſt. diagonal ends 
upon the poſt, in the plane of projection, which in the plane of elevation 
ends at H, ſo the other diagonals that end upon the faſhion piece, muſt 
likewiſe end on the faſhion piece in the plane of elevation. Their 
height muſt therefore be transferred from the plane of the projection 
to that of the elevation ; ſo the ſecond diagonal will end at the point P, 
upon the faſhion piece in the plane of elevation. In like manner all the 
reſt may be transferred to the plane of elevation; and as the line that re- 
eſents the faſhion piece upon the plane of elevation rakes aft, this will 
occaſion the line PS, which is perpendicular to the line that repreſents 
frame q, to exceed the line M. In the triangle, the line SM repreſents 
the midſhip frame and the line SE the poſt ; that is, if the point where 
the ribband ends on the poſt, be equally diſtant from frame q, that frame 
is from frame 8. Now as M h is longer than ML, we muſt draw the 
line S D without the triangle, which is to be uſed inſtead of the line SE, 
when we come to apply the diagonal HG to the triangle; for the point 
H muſt touch the line S M, and the point G the line 8 E. To find the 
point D, take ML from the plane of elevation, and apply it to the 
triangle, ſo that BC ſhall-be equal to it; and parallel to ME; it muſt 
alſo be contained betwixt the line Sg and SE. Then take Y M and ſet 
off from B, which will give. the point D. In like manner the line SF 
muſt be uſed when we divide the diagonal MK ; and to find the point F 
ſet off PS in the plane of elevation, from B to F in the triangle; and draw 
the line SF. In the ſame manner there muſt be lines drawn for every 
Plate IV. Fig. L.] diagonal without the lineSE ; ſo the line SE is not uſed 
| nin dividing the diagonals. Let it be further obſerved, that 
in applying each diagonal to the triangle, 'it muſt not only be contained 
betwixt the line SM and the line correſponding to the diagonal, which is 


to be divided, but it muſt likewiſe form a certain angle with the line M * 
that 
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chat is, With that part of it which is intercepted betwixt the diagonal and 


the point 8. Theſe which appear to me to be ptopereſt for that pur- 


poſe are as follows: The firſt diagonal to make an angle of 60 degrees; 


the ſecond. 622, the third 68, the fourth 86, the fifth 65, the ſixth 60 de- 


grees; but the artiſts vary theſe angles according to the form they deſign 
to give to the timbers ; nay, ſome draw them always parallel to the baſe 

Our author then proceeds to the forebody, and formy-a triangle, the baſe 
of which be divides in the ſame manner as that already deſeribed, by which 
he divides each diagonal. He likewiſe ſhews how to ſpace the diagonals upon 


the ſtem; but as the artiſts leave us ſo much undetermined as to the angles 
that each diagonal is to make with the line 8 M, when they are applied to 
the triangle, it will be very difficult to apply this method to practice. S0 


we preſume it will be needleſs to ſay any more on that head, judging what 
has been already ſaid ſufficient to give our readers an idea of the principles 


on which the method is grounded; we (hall proceed therefore to the next me- 
thod be propoſes. | G e 


To form the Timbers by a Quarter of a Circle, Plate IV. Fig. 2. 3. 


1ſt, Form the midſhip frame, the faſhion. piece, the foremoſt timber, 
alſo the two balance frames, by ſome of the preceding methods. Nate, 


Thoſe who make uſe. of the following method of forming tbe reſt of the tim- 


bers are ſuppoſed to be previouſly acquainted with the manner of forming 


the midſbip frame, &c. 

2d. Space all the diagonals for the ribbands as directed in the pre- 
ceding method. | | 

3d. From the center A with any radius deſcribe a quarter of a circle, 
and divide it into ſo many equal parts, that there may be a point for each 
timber to be formed, and draw the radii A 1, A 2, &c. to Ag, ſo we ſhall 
have one for each frame. | | 

4th. Take a6 the firſt diagonal, which ſet off from the point A 
upon the line AC, to 1, = 

5th, Take ac, the diſtance upon the lower ribband, betwixt the poſt 
and balance frame, which in the plane of projection is the 6th frame, ſet 
off this diſtance upon a perpendicular erected upon the line A B, to in- 
terſect the radius A 6, in ſuch a manner that the perpendicular G 1 ſhall 
be equal to ac. | 12 
th. Produce the line C A to F, and upon this line find a point, which 
ſhall be the center of a circle whoſe circumference ſhall paſs through the 


point 1, before marked upon the line A C, and the point 1, now marked 
upon the radius A 6 ; deſcribe the arch through theſe two points to the 


point 1 on the line AB 7th, 
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_ 5th. Let fall perpendiculars to the line A B from the points where the 
arch 1, 1, 1 interſects the ſeveral radii. Transfer theſe perpendiculars to 
the line 4 6, which will divide the lower diagonal into the points through 
which the curves of the frames muſt paſs. Note, rhe perpendiculars are 
not drawn to avoid confuſion. v9 £3 90 

After the ſame manner all the other diagonals are graduated, firſt by 
taking the whole length of each diagonal, and ſetting them up on the 
line AC, from the point A to the points 5, 4, 3, 1, 2, and ſecondly, by 
taking the ſeveral diſtances upon each diagonal intercepted betwixt the 
after frame and the balance frame, and applying them ſeverally to the ra- 
dius A6, in ſuch a manner that they ſhall be contained betwixt the radius 
AG and the line A B, upon the perpendiculars let fall from the points 
5, 4, 3, I, 2. And thirdly by deſcribing arches through the points in the 
line AC, to paſs through the points of the ſame number upon the radius 
A6, whoſe centers are in the line AF; the arches to be produced to in- 
terſe the line A B in the points 5, 4, 3, 1, 2, will interſect all the radii; 
the perpendiculars let fall from the interfeQtions of the radii with the arch 
correſponding to each diagonal, will divide that diagonal into the points 
through which the curves of the frames muſt pals. | 
- Thediagonals for forming the frames in the fore body are divided into 
the points through which the curves muſt paſs by the ſame operations, 
only obſerying that frame 4 is the balance frame for the fore body. 


0:45; 


0 F the Projection on the horizontal Planes, and of the Water 
and Ribband Lines on the Plane of Elevation, and that of 
the Projection. | * 


X AT ER Lines are deſcribed upon a ſhip's bottom by the ſur- 

| face of the water into which ſhe ſwims; that which determines 
how much is under water when ſhe is loaded is called the load-water line. 
Now it is plain, that if a ſhip is lightened, ſhe will riſe higher out of the 
water; and if ſhe be lightened ſo as to riſe equally afore and abaſt, the 
ſurface of the water will then form another water-line parallel to the load- 
water line. Again, if the ſhip is lightened more ſhe will ſtill riſe higher, 
and if the ſame difference ſtill continues betwixt the draught of water abaft 


and afore, we ſhall have another water line parallel to the two former; 
F ſo 
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ſo that by this means we may deſcribe as many water lines as we pleafe, 
all parallel to one another. | . - N 

In order to form an idea how theſe lines are repreſented on the different 
planes, let us ſuppoſe a ſhip upon the ftocks upon a level ground, and 
her keel in the ſame poſition, with reſpect to the horizon, that it is to be 
in the water when loaded; we may then deſcribe ſeveral black lines npon 
the ſhip's bottom, which may be whitened for that purpoſe, all parallel 
to the horizon: "Theſe will all be water lines. * 

Now, if a ſpeQator be removed at any conſiderable diftance from the 
ip upon a line in the {ame direction with the keel, all thefe black lines 
which were drawn upon the ſhip's bottom, parallel to the horizon, and 
which are actually curves, will appear to him all ſtrait lines, becauſe he 
ſees them all upon a plane formed by a ſection paſſing through the mid- 
ſhip frame perpendicular to the keel. Hence the water lines will be re- 
preſented by ſtrait lines upon the plane of the projection. 

Again, if a ſpeQator is removed at any confiderable diſtance from the 
ſhip upon a line perpendicular to the keel, ſoas to fee the whole length of 
the ſhip at one view, the water lines will then appear to him ſtrait lines, 
becauſe he ſees them upon a plane erected perpendicular to the horizon 
upon the middle line of the keel. Hence the water lines will be repre- 
ſented by ftrait lines upon the plane of elevation. 

But if the ſpectator be ſuppoſed to be placed underneath the middle of 
the ſhip at any conſiderable depth, in a line perpendicular to the level 
ground, he will then, viewing the ſhip's bottom upwards, diſcover the 
curvings of all the water lines. Theſe curves are all projected upon a 
plane, which we muſt imagine to be formed by a ſe&ion of the ſhip 
through the load-water line, and we are now to ſhew how theſe are 
formed : | RY 


To form the Water Lines upon the Horizontal. Plane. 


Let the water lines to be formed be repreſented in the plane of the 
project on by ſtrait lines all parallel to one another. Theſe will be re- 
preſented by the ſtrait lines in the plane of elevation. Suppoſe qr, Sz 
hx, and T V, all parallel to one another, and the ſame diſtance from the 
load-water line T V that the lines which repreſent them in the plane of 
the projection are from it. In order to form theſe upon the horizontal 

lane, | | 
F iſt, Take half the thickneſs of the poſt from the plane of the projec- 
tion, and lay it off on the horizontal plane from A to E, and through the 


point 
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point E draw the line Es; parallel to A B, five or ſix feet long; lay off 
the ſame diſtance from B to F, and thro' the point F draw a line FK pa- 
rallel to A B, five or ſix feet long. 
2d. From the points where the water lines interſect the ſtern poſt 
upon the plane of elevation, let fall perpendiculars. In like manner let 
fall perpendiculars from the points where the water lines interſect the ſtem. 
zd. Take upon the water lines, in the plane of the projection, the ſe- 
veral diſtances intercepted bet wixt the middle line and the curve of the 
midſhip frame, and lay them off from the line A B in the horizontal plane, 
upon the perpendicular that repreſents the midſhip frame. Take alto 
from the plane of projection the ſeveral diftances intercepted betwixt the 
middle line and the curvings of the other frames, and lay them off in the 
horizontal plane from the line AB upon the perpendiculars correſpond- 
ing to their reſpective frames, both in the fore body and after body, and 
curves paſling through all theſe points will give the true form of all the 
water lines. They end forward at the points where the perpendiculars in- 
terſe& the line FR. The water lines abaſt which end upon the poſt in 
the plane of elevation, will end where the perpendiculars interſect the 
line Es upon the horizontal plane. But the 3d and 4th water lines can- 
not end upon the. poſt, by reaſon of the faſhion pieces; and in order to 
find the points where theſe ſhall end, we muſt proceed in the following 


VY 


manner. | 131% 

To find the point where the load-water line ends, let fall a perpendi- 
cular from the point &, where it interſects the faſhion piece on the plane 
of elevation, to N. Take from the plane of the projection upon the line 
that repreſents the load- water lines, the diſtance betwixt the faſhion piece 
and the mid-line; lay this off upon the horizontal plane from the line 
AB to the point N, which will end the load-water line upon the hori- 
zontal plane, from whence it may be drawn to g; ſo g N will be the flat 
of the Tuck; and to find the point g draw a line parallel to N thro' 
the point where the line T V cuts the rabbit of the poſt, which will 
give the point g. We may after the fame manner find the ends of the 


other water lines that do not go the ſtern poſt for a ſquare tuck, 


To form the Ribbands upon the Horizontal Plane. 


We obſerved before, that the ribbands were thin planks nailed to all 
the frames from the poſt to the ſtem; and that when they are carried 
round, ſo as to make fair curves, the form of all the filling timbers may 


be by them determined. Theſe filling timbers are to be placed betwixt 
1a | F 2 the 
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the frames, which were methodically laid down in the draught. . We ſhall 


here further obſerye, that theſe ribbands will round two ways, one in a 
vertical, and one in an horizontal ſenſe, occaſioned by the nature of the form 
of the ſhip's body; for they will, in carrying them about, naturally fly 


higher abaft and before than they are in midſhips, which gives them a 


vertical curve, and the narrowing of the ſhip's breadth from the midſhips 
both ways gives them the horizontal curve; thence they will be repre- 
ſented by different lines on all the planes. 

They are repreſented upon the plane of the projection by Rreight lines, 
all but the breadth ribband, which is uſually repreſented by a curve; 
but upon the plane of elevation, and that of the horizon they will be repre- 


ſented by curves. The reaſon of theſe different appearances, ariſes from 


the different ſituations in which they are ſuppoſed to be viewed, as was 
oblerved in reſpect of the water lines. 

Now in. order to comprehend the relation betwjxt theſe horizontal 
curves, and the lines that repreſent them upon the plane of the projection, 
it will be ſufficient to remark, that theſe horizontal curves reſult from the 
different lengths of the perpendiculars that are ſuppoſed to be drawn in 
the plane of the projection, from the points where the lines that repreſent 
the ribbands interſect the frames, to the middle line. Hence, if the 


lengths of theſe perpendiculars are transferred to the lines correſponding to 


each frame in the-horizontal plane, we ſhall haye the points thro' which 
the curve that forms the ribband muſt paſs. 

Bur if theſe ribbands are to be repreſented upon a plane placed in an 
oblique poſition to the horizon, that is to ſay, a plane that has the ſame 
inclination to another plane erected perpendicularly upon the middle line 
of the keel, that the line that repreſents that ribband, has to the middle 
line in the plane of the projection; in that cafe, they will have a quite 
difterent form from what they have upon the plane of the horizon. 

Now, to conceive the relation betwixt theſe and the lines that repreſent 
them upon the plane of the projection, it will be ſufficient to remark, that 
if the ſevetal diſtances taken upon each diagonal intercepted betwixt the 


middle line and the points where theſe diagonals interſe& the curves of 


the timbers in the plane of the projection; I ſay, if theſe be transſerred 
to the lines that repreſent thoſe timbers, we ſhall have the points thro' 
which the curves that form the ribbands muſt paſs. 

Again, if theſe ribbands are to be repreſented upon the plane of eleva- 
tion, they will have a different form from any of the former; to find 
which we need only take the perpendicular diſtances from the points 
where the diagonals interſe& the curyes of the timbers in the plane 
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Ouap. V. ' Of ide Formativii of Water Lines and Rib band.. 
of the projection to the line that repreſents the upper fide of the keel, 
and transfer them to the plane of elevation, ſetting them up from the up- 
per ſide of the keel upon the line correſponding to the timber, from 
which they were taken upon the plane of the rojection. This wil give 
us the points thro” which their curves muſt all re ee 


Having thus given a general deſcription of theſe curves, "we ſhall 
now proceed to deſcribe them upon the different planes, * 1 


* 1 
in vi 


To deſcribe the Floor Ribband upon the Plane of Ele nation. 


ft, Take the perpendicular diſtance betwixt the point- 4, Where the 
diagonal interſects frame 95 and the lower water line 1 in the plane or the | 


projection. / 


24. Set up this diſtance from the point S, hare the lower water line 


interſects frame 9 in the plane of elevation, and we ſhall have a point G, 
thro' which the curve muſt pals. 'S 


Now, it is plain; that we may, by repeating the ſane operitions; have 
a point in each frame, thro' which the curve of the ribband muſt paſs 


upon the plane of elevation. After the ſame manner are all the other 


ri IDDands formed. | 
To deſcribe Ribbands upon the 1 Plane. 


The breadth ribband is formed by transferring the lengths of all the 
perpendiculars that are ſuppoſed to be drawn from the points, where the 
curve that repreſents this ribband interſeQts the timbers, to the middle line 
in the plane of the projection: This curve, in the plane of the projection, 
is. drawa from the breadth in midſhips to the extremity of the wing 
tranſom. 

iſt, Lay off the length of the wing tranſom. upon the denen ene aL. 

2d. Take the length of the perpendicular drawn, from the point 
where the curve that repreſents the breadth interſeQts frame 9, to the 
mid-line in the plane of the projection; lay off this from the line AB 
upon the perpendicular — — frame 9 in the horizontal plane, to 
the point 8, which will be one of the points thro which the curve of — 
ribband muſt paſs. We may proceed in the ſame manner to find 
upon all the perpendiculars, both afore and abaft, ſo ſhall the wn 


L,S, Q, 1, be the form of the breadth ribband. But to compleat this 


ribband, the round aft of the wing tranſom muſt be ſet off. 
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Jo form the Oblique or Cant Nilb and.. 

We obſerved before, that theſe ribbands could not be formed either 
upon the horizontal plane or that of elevation, upon which account they 
were ſeldom drawn, becauſe each muſt be drawn upon a ſeparate plane. 
However, thoſe who incline to draw them may uſe the following method: 
Let it then be required to form the firſt ribband repreſented in the 

plane of the projection, by the diagonal k H ... 
| iſt, Produce line H G to the point p in the middle line upon the 
| plane of the projection. ; 
| 29, Take the height of the point p above the line that repreſents the 
upper fide of the keel in midſhips, in the plane of the projection; ſet up 
this from the ſame line in the plane of elevation, on a perpendicular, upon 
the poſt, from which point let fall a perpendicular to the point F in the 
line CD, and produce all the perpendiculars that repreſent the frames to 
the] line CD; fo F, Q will be the axis of the ribband from the poſt to 
the mid{hips. 27 We? | | 
3d. Take upon the plane of the projection in the line H P, the diſtance 
5 G, which ſet off upon the perpendicular from the point F to f, 

4th. Take the diſtance on the diagonal from the point Þ in the middle 
line to its interſection with the frame 9. Set off this from the line CD 
upon the perpendicular correſponding to frame 9; this will give us a 3 
point thro' which the curve muſt paſs. Do the fame for all the other 3 
frames to the midſhip. | | | ; 

In like manner the curve for the fore part of the ribband is formed 
from the interſections of the diagonal 4, 5, with the curves of the frames 
in the plane of the projection; but it is evident, this is a different plane 
from that of the line H; therefore we muſt have a different axis for 
the curve of the fore part of the ribband. In order to which, take from 
the plane of the projection the diagonal 4, 5 ; ſet off this from the point 
O to Z, and draw the line Z X parallel to CD. We muſt likewiſe 
take the height of the point 4 in the plane of the projection, and ſet it up 
on the ſtem ; from which point letting fall a perpendicular to the line ZX, 
| we ſhall limit the fore end of the ribband. The points thro' which the 
curve muſt paſs will be found in the ſame manner as thoſe for the 
aſter-body. | 

The builders make uſe of the cant ribbands to find the bevellings of 
i the timbers; For we muſt repreſent each frame as one intire piece of cit- 
i cular timber, and being all faſtened to the keel they form the fide of the 
ſhip. They are ſquare upon the upper ſide of the keel; but becauſe 
| 5 both 
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a a beyel; thus they draw, upon 


either to the poſt or ſtem will be under bevelling. 


Another Method of Iaying down the H, orizontal Plane, and 
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both the outſide and inſide of the ſhip's, fides, length- ways, form curves, 
it is plain, that the ſections of any of the frames, the midſhip only except- 
ed, will produce a ſurface- in the form of a lozenge or rhombus; the an- 
gles which are formed by theſe) ſections are what are called the beycllings 
of the timbers. Nr 257 e Sled to, eee bene od as 
The ſhip-wrights take theſe angles mechanically by an inftrument calld 
the plane of the ribband, a line parallel 
to that which repteſents the frame, and diſtant from it the whole breadth 
of the timber; and applying the ſtock of the bevel to the line that re- 
preſents the frame, and the tongue to the ribband, they have the quantity 
of the angle which forms the bevelling of the timber at that place. 

It is plain the angle &, a, e, which points to the midſhip frame, will be 
obtuſe, whereas the angle 4, a, d, which points to the poſt, will be acute. 

Now, as every timber has two planes, that which points to the mid- 
{ſhips will have what they call a ſtanding bevelling, and that which points 


We ſhall ſhew in another place how the modern builders, by putting 
the frames in an: oblique poſition to the Keel afore and abaft, leſſen 


HA N NE 


the Plane of Projection. 


HOSE who are well verſed in the art of drawing have taken a 
method quite different from any of thoſe we haye deſcribed, which 
ſhall be the ſubject of this chapter. 

After forming the plane of elevation, and drawing all the perpendicu- 
lars for the frames, as before, the following method muſt be obſerved: 


EE | 
To lay down the Breadih Ribband on the Horizontal Plane. 


The extremities of it on the ſtem and poſt, and the point thro' which 
it is to paſs on the midſhip frame are found as directed in the preceeding 
chapter. It remains now to find the points in the balance frames, thro 
which it is to paſs. | | 
To find the point in the fore balance frame take 343 parts of half the 
| | main 
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main breadth, which ſet off on the line that repreſanta chat frame in the 
horizontal plane from K to L. 

To find the point in the "TOE frame «bo. take 12+ i” parts of the half 
of the main breadth from M to N. It will be aud el, = have another 
point in the fore-body, thro' which the curve mu paſs; for which pur- 
poſe uſe the following method : 

Divide the ſpace contained betwixt. the line that repreſents the balance 
frame afore and the rabbit of the ſtem, into two equal parts, and draw the 
line OP, on which ſet off the 160th part of the main breadth, which 
will give the point P, thro' which the curve is to paſs. It muſt be ob- 


ſeryed, that the proportions for finding theſe points may be varied accord- 
ing to the form we propoſe to give to the ribband. After the points 


H,N,Q, L,P, I are thus ſet off, we may deſcribe the curye either by 
moulds or penning battens. 


= 
To lay down 5 F loor Ribband on the 8 Plane. 


1ſt. The height of this ribband muſt be determined both upon the 


poſt and ſtem, from which points letting fall perpendiculars, we ſhall have 
the extremities of it on the horizontal PRs obſerving to allow for 
the rabbit. 

2d. Take half the length of the midſhip floor timber, and ſet off on 
the line that repreſents the M dſhip frame on the horizontal ae from 4 
to 8, which will be the poi nk theo which the curve muft pals. 

3d. Take :3+ of the line 4, the breadth at the midſhip frame, and ſet 
it off on the tech timber/a afore, from K to T, and ſet off 443 of the 
ſame line, upon the balance .— abaft to V, and draw the curve thro' 
the points G, V, 8, T, R. 5 8 


Ws III. GY 
To lay down the after Balance Timber upon the Plane of Projection. 


iſt. Produce the line which repreſents it on the horizontal plane to 


the ſheer rail, on the plane of elevation, and take the diſtance upon this 
line betwixt the upper ſide of the keel, and the lower edge of the ſecond 
wale, which here repreſents the breadth ribband; ſet up this from A to C 
on the plane of the projection, from which ,oint draw Wy line C D, 
p: -rpendicular to the middle line. Plate II. 7 . 


2d. Take the line MN in . horizontal þ te and ſet off from D 


to E, which will give one point, throhgh whic 
muſt paſs. 


the curye of the timber 


3d. Take 
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bare another Point thro' which the curve muſt Pa. 
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za, Take the height of the flodr ribband, in the plane of elevation, 


and ſet it up on the plane of the projection to 'G; fron the point H, at 


the end of the floor timber, draw the line H G which will repreſent. the 

floor ribband on the plane of the projection. (Plate II. fig. t. 2. 3.) 
th, Take the diſtance M V, in the horizontal plane, with. a pair 

gompaſſes, and move the oompaſſes with one foot, in the middle live, 


and the other in a line perpendicular to it, till it interſe& the diagonal in 
the point L, thro' which the curve of the frame muſt pals, - Fe 


To thole 
who are acquainted with drawing, the three points E, L, F, will be fuf- 


ficient to form the timber; they who incline to have another ount may 


divide the line A C into two equal parts by a perpendicular M K. drawn to 
the middle line; from which ſetting off f 222 of the line M K n 


. 


To lay down the ninth Frame je abaft on the Plane of the Prin 


Take the height of the breadth ribband at this frame, in the Plane of 
elevation, and ſet it up on the plane of the pro jection from F to O, and 
draw the line OP perpendicular to the middle line. (Plate II. fg. 1.2.3.) 
2d, Take the diftance'X'S in the horizontal plats and ſet off from O 
to P, which will be the point thro' which the curve muſt pals. 

zd, Take the diſtance X Z in the horizontal plane, Which ſet off from 
the middle line, to interſect the diagonal that repreſents the floor ribband, 
in the plane of projection 1 in Q obſerving to' keep the compaſſes as before 
directed. 

xth, Divide the line K O in two equal parts, and draw the line R S 

ndicular to the middle line, on which ſet off 15+ of the line P O, 
from R to 8, and draw the curve thro' the points P, 8, Q, F, which 
will be the form of the ninth frame. Ky | 


To lay down the intermediate Ribbands abaft on the Plane of the Projection. 


iſt, Take the diſtance betwixt the upper fide of the keel and the 
breadth, upon the line that repreſents the midſhip frame, in the plane of 
elevation, and ſet it up from A to T, and from B to T, in the plane of 
the projection, ſo ſhall the line T T give the height of the breadth ribband 


in midſhips. 


224, Divide the curve HM T j into as many equal p its as there are to 


be intermediate ribbands; divide alſo the curve of the ninth frame QS P 
into the ſame number, and, thro* theſe diviſions, draw the diagonals 
which will repreſent the ribbands as in the _ 


G : ts VI, To 


7 
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725 VI. 1 
To lay down the firſt intermediate Ribband upon the Horizontal Plane. 


iſt, Take the neareſt diſtance of the point V (which is the extremity 
of the diagonal in the plane of the projection) to the middle line OF, 
ſet off this on the line which repreſents the midſhip frame in the hori- 
zontal plane, which will give the point thro' which the curve muſt paſs 
at that place. After the ſame manner we may find the points in the lines 
that repreſent the balance and ninth frames in the horizontal plane. 
2q4d, Take F Z, the height of the ribband upon the rabbit of the poſt, 
in the plane of the projection, and ſet. it up on a perpendicular, from N 
to the point & on the line that repreſents the rabbit of the poſt in the 
plane of elevation; take the neareſt diſtance of the point & to the perpen- 
dicular of the poſt, which ſet off from E to e, and this will be the end 
of the ribband : ſo a curve paſling thro' the points e, d, c, 5, will be the 
form of the ribband. 8 | 
* 3 VI 


To lay down the Wing Tranſom upon the Plane of the Projection, and on the 
* | Horizontal Plane. Sopdet | | 
1ſt, Take the height of the upper ſide of the wing tranſom (including 
the round up) in the plane of elevation, and ſet it up in the plane of the 
projection to the point e. 
2d, Take the height in the plane of elevation, without regarding the 
round up, and ſet off from F to /, and draw the line f g perpendicular 75 
to the middle line, on which ſet off the length of the tranſom from 
to g, this is equal to the line G H in the horizontal plane. The curve 
ge repreſents the upper ſide of the wing tranſom. $08 
The round aft of the tranſom is repreſented upon the horizontal plane 1 
, by the curve L ke; HL is the ſquare end of it. + 


| VIII. | 1 2 | 23 

To lay down all the Frames in the after Body. 5 

All theſe are laid down in the ſame manner as the ninth and balance : 
frames before deſcribed, that is, by taking the half breadth of the rib- 
bands at each frame in the horizontal plane, and ſetting them off from 
the middle line in the plane of the projection to interſect the diagonal cor- 
reſponding to the ribband, as directed in forming the balance frame, by 
this means we ſhall divide each into as many points as there are frames: 
the curves drawn thro” theſe points will give the form of all the frames 


in the after body. 
IX. Ts 
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* N | 
To lay down the Pofition of the Faſhion Piece on the Horizontal Plane. 
Let fall the perpendicular GH, from the end of the wing tranſom, 
and draw the line H, which will repreſent the plane of the faſhion piece 
upon the horizontal plane, obſerving to make the angle G H, about 25 
degrees. ay 3 | 


X. | 
To form the Faſhion Piece in the ſame Manner it is to be, when put into its 
* HPeroper place in the Ship, 


The faſhion piece laid down in the plane of the projection, regards 
that frame as it would appear when viewed from abaft; but as tho faſhion 
pieces on each ſide are not in one plane, as all the reſt of the frames are, 
we ſhall be much deceived, if we imagine that the faſhion piece laid 
down in the plain of projection, will give the true form of that which 
is to be put in the ſhip. We muſt therefore lay it down upon another 
plane, and, to avoid confuſion, we ſhall ſeparate it from the plane of pro- 
jection. | 
: Note, The faſhion piece, mention'd by our author, deſcribed in the plane 
of the projection, is that betwixt the ninth frame, aud the curve fqoG, 
which repreſents the faſhion piece of a ſquare tuck ; it is formed in the ſame 
: manner as the reſt of the frames, by transferring the lines n m, po, &c. in 
7 the horizontal plane, to the plane of prejecton, to inter ſect the diagonals co- 
7 reſponding to theſe. ribbands in the points i, l, &c: 
iſt, Draw the line 7 G, to repreſent the middle line of the plane of 
projection. (Fig. 4.) 8 eee Tis | 
2d, Draw the line fg perpendicular to Gf, to repreſent the wing 
tranſom. SIT 24 5 
3d, From , the point where the faſhion piece interſects the floor rib- 
band in the plane of the projection, take the neareſt diſtance to the line 
Fg, which repreſents the wing tranſom, and ſet off this diſtance in Fg. 4, 
from / to h, and draw the line Y parallel to , g. = 
Ath, From the point J, where the faſhion piece interſects the firſt in- 
termediate diagonal, in the plane of projection take the neareſt diſtance to 
the line / g, ſet it off from to &, in Fg. 4. and draw the line , paral- 


lelto /g. | 
th, In like manner, the points where the faſhion piece interſects the 


ſecond and third diagonals in the plane of projection, are to be transferr'd 


to the points g and 2, Fig. 4. and the lines p 9, 2:0 drawn parallel 
to Tg. F F G 2 6th, 
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| 6th, To find the points through which the curve muſt paſs: Take 
the line / H, which repreſents the poſition of the faſhion piece upon the 
horizontal plane; lay this off from tog: Again, take the diſtance ty in 


the horizontal plane, which lay off from 9 to 5 in like manner ſet off 
ls 


the diftance I 2, from n too; and the diſtance I y from # to n, and laftly, 
the diſtance In, from hto /; ſo a curve drawn through the points g, P, o, 
in, J, will give the true form of the faſhion piece. r. oh 


| XI. 

Zo lay down the Faſhion Piece upon the Plane of Elevation. 

1ſt, Take the ſeveral heights above the keel, of the points where the 
faſhion piece interſects the diagonals in the plane of projection, and trans- 
ferr them to the lines o, p, 9 E, y, in the plane of elevation, drawn paral- 
lel to the keel, and the ſame height above it, that their coreſponding 
points are in the plane of projection. —- 

2d, Take the neareſt diſtance of the point , in the plane of ele vation, 
to the line CF, the perpendicular from the head. of the poſt, fet off this 
from the ſame line in the plane of elevation upon the line p; which will 
be the point through which the curve muſt paſt. 1 

3d, In like manner the points 2, y, muſt be transferr'd from the 
horizontal plane, to the plane of elevation in the points æ, x, a curve 
paſſing through theſe points will be the projection of the faſhion piece 
on the plane of elevation. | 

We ſhall hear remark, that ſome builders to avoid giving a great be- 
yelling to the timbers, and likewiſe that they may not require ſuch com- 
paſs timber, do change the direction of all the frames in the fore-body 
before that of the loof; that is, the lines that repreſent them in the hori- 


zontal plane make an acute angle with the line that repreſents the keel; 
theſe are called cant timbers, and may be formed in the ſame manner as 


the faſhion piece, which we have now deſcribed. Tho! ſeveral builders 

form all the frames perpendicular to the keel, to have the floor timbers in 

one piece, which will be much ſtronger than when in two pieces, and 
this will inevitably be the caſe when the timbers are canted. 

We might here ſhew how to lay down the top timbers, but as that — 

rs 


under water is the moſt material, we ſhall proceed to form the tim 
afore, 


XII. 
To lay down the Frames for the Fore-body. 


The balance and the eighth frame muſt firſt be formed in the fame 
manner as the balance and ninth frame abaft : In order to which the curve 


that 
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Of facing the Diagonals gore. 45 
that repreſents the-breadth ribban&muft be laid — in aiths plane of the 
rojection afore The diagonal, which repreſents the floor ribband muſt 
ikewiſe be laid down in the plane of the projection, for which purpoſe 
we muſt take the height of the ribband dee the keel upon the rabbit of 
the ſtem, and ſet it upon the line that repreſents the rabbit of the poſF in 
the plane of the 1 to the point 4 from which n 4 to 


the floor head, ſo 45 will repreſent the floor e 
XIII. 
To Hau on Diogmals that repreſent the Ribbands We in the Plane 
"of :the \ Projection,” 2 | 


Iſt. As the ints of their interſection at the midip mine are the 
ſame afore that t ey are abaft, we need only transfer them from abaft to 
the fore body. 
2d. Take the hei i of the breadth ribband upon the ſtem in the 
plane of elevation, and fot it up from F to 17 in the plane of projection, 
zd. Divide the diſtance betwixt 4 and 17 into four equal parts, which 
will give the points in the plane of projection, where the intermediate dia- 
gonals end on the ſtem. 
After the diagonals are drawn in the plane of the projection, the rib- 
bands may be laid down in the horizontal plane, and from thence all the 
other frames may be laid down in the plane of projection, in the very 


ſame manner that the horizontal ribbands and the | Kids for the after- 
body were laid down, 
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25 Remarks on Ship Buildin g. 


LL the rules we have hitherts laid down, collected from the prin- 

cipal dimenſions of ſhips built by the moſt eminent maſters, ſhould 
only be fo far regarded as they may aſſiſt the artiſt in forming the body 
in ſuch a manner as to. produce effects anſwerable to the ſervice for 
which the veſſel is deſigned. 

In order to qualify a builder for ſuch an undertaking, it is neceſſary he 
ſhould underſtand the nature of fluids, and of ſuch bodies as will float 
in the water; when he has made himſelf acquainted with theſe, I 
would recommend him to Mr Bouguer's treatiſe on ſhip- building. 


The principal Qualities belonging to Ships. 


iſt, To be able to carry a good fail, not only becauſe in forming the 
body, the water lines are all ſuppoſed to be deſcribed when a ſhip is up- 
right in the water, but likewiſe for doubling a cape, or getting off a 
lee ſhore, which will be impoſſible to be done when a ſhip lies over in 
the water, this will likewiſe render her lower dier, if not all her guns 
uſeleſs. 

2d. A ſhip ſhould ſteer well, and feel the leaſt motion of the helm. 

3d. A ſhip ſhould carry her lower tier of guns four feet and a half, 
or five feet out of the water, otherwiſe a great ſhip that cannot open her 
ports upon a wind, but in ſmooth water, may be taken by a ſmall one, 
that can make uſe of her guns, or ſhe muſt bare away before the wind, 
to have the uſe of her guns; on which account it will be proper to raiſe 
the ports higher before than in midſhips, becauſe the fore part of the 
ſhip is often preſſed into the water by carrying fail. 

4th. A ſhip ſhould be duly poiſed, ſo as not to dive or pitch hard, but 
go ſmooth and eaſy through the water, riſing to the ſea when it runs 
high, and the ſhip under her courſes, or lying to under a maintail, other- 
wiſe the will be in danger of carrying away her maſts, 

5th. A ſhip ſhould fail well before the wind, large, but chiefly cloſe 
hawled,keep a good wind, not fall off to the leeward. | 

Now the great difficulty conſiſts in uniting ſo many different qualities 
in one ſhip, which ſeems indeed to be impoſſible; the whole art therefore 
conſiſts in forming the body in ſuch a manner, that none of theſe qualities 
ſnall be entirely deſtroyed, and in giving the preference to that which is moſt | 
required in the particular ſervice for which the veſſel is built; in order to 
which 
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which it will be neceſſury to know, at leaſt nearly, what form will give a 
veſſel one of theſe qualities, conlitiered re g from the reſt, 
N e Fir Lib ate 


Jo male a Ship carry a 200d Sail. 
A flat floor timber, and ſomewhat long, or the lower futtock pretty 


round, a ſtreight upper futtock, the top timber to throw the breadth out 


aloft; at any rate to carry her main breadth as high as the lower deck: 
now, if the rigging be well adapted to ſuch a body, and the upper works 
lightened as much as poſſible ſo that they all concurr to lower the center 
of gravity, there will be no room to doubt of her een a ae fall. 


To make a Ship Steer well, and quickly Anfwer the Helm.” 


If the faſhion pieces be well formed, and the tuck carried Story bie; 
the midſhip frame carried pretty forward; a conſiderable difference ot the 
draught of water abaft more than afore, a great rake forward and none 
abaft, a ſnug quarer deck and forecaftle, all theſe will make a ſhip ſteer 
well; but to make her feel the leaſt motion of her helm, it will be ne- 
eſſary to regard her maſts. There is one thing not to be Yo that a 
_ ſhip which goes well will certainly ſteer well. 


To make a Ship carry her Gun well out of the Water. ay 


It is plain that a long floor timber, and not of a great riſing, a very 
Full midſhip frame, and low tuck with light upper works will make a 


ſhip carry her guns high. 5 


To make a Ship go gol dude dhe Water without pi iber 154 


A long keel, along floor not to riſe to high afore and abaft, the area or 
ſpace contained in the fore body, duly proportioned to that of the after 
body, according to the reſpective weights they are to carry; all theſe are 
neceſſary to make a ſhip go ſmoothly through the water. | 


To make a Ship keep a god Wind. 


A good length by the keel, not too broad, but pretty deep: in thi hold, 
which will occaſion her to have a ſhort floor timber, and great rifing. 

As ſuch a ſhip will meet with great reſiſtance in the water going over 
the broad ſide, and little when going a head, ſhe will not fall much to the 
leeward. 

Now ſome bailderg imagine that it is not poſlible to make a ſhip carry 


her guns well; carry a good fail; and to be a prime failer, becauſe 4 
w ou] | 


| 


| 
j 
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would require a very full bottom to gain the firſt two qualities, vrhereas a 
ſharp ſhip. will beſt. anfwer for the latter; but when it is conſidered that 
a full ſhip will carry a great deal more ſail than a ſharp one, a good 
artiſt may ſo form the body as to have all theſe three good qualities, and 
likewiſe ſteer well, for which purpoſe I would recommend ſomewhat 
in length mote than has been formerly practiſe . 
After what has been ſaid upon this head, I believe it will not be thought 
impoſlible to unite all theſe different qualities in one ſhip, ſo that all of 
them may be diſcerned in fome degree of eminence, but when it happens 
otherwiſe, the fault muſt be owing to the builder, Who has not applyed 
himſelf to ſtudy the fundamental rules and principles of his art. 

Excepting ſome antient builders, who were happily born with a natural 
genius, and our moderns, who being inſtructed in the principles of the 
mathematics, have truly laboured very hard to make a progreſs in the art 
of ſhipbuilding, one may, without violating the truth, affirm that the 
greateſt part ſatisfy themſelves with copying ſuch ſhips as they eſteem 
good failors, and it is theſe ſervile mechancick methods, which to the great 
reproach of the art, are. but too common, that have produced all theſe 
pretended rules of proportion, all theſe methods of. deſcribing the mid- 
ſhip frame, and forming the reſt of the timbers, which every builder 
endeavours if poſſible to conceal and keep wholly in his own family. 

How low and mean is this? it is as if a great architect ſhould endeavour 
to conceal the proportions of the different orders of architecture, where- 
as they are publiſhed every where, and ſo well known that many can 
raiſe a very beautifull porch or triumphal arch ; but tho' the methods of 
deſcribing the midſhip frame and forming the reſt of the timbers be 
known to moſt apprentices, yet we have but few good maſter builders : 
This requires more than thoſe mechanick rules, they ſhould at leaft have 
ſuch a knowledge of the mathematics, phyſicks, mechanicks, of the 
nature of ſolids and fluids, as to be able to diſcover what figure would 
procure ſome good quality without hazardingorputting a bad one in its place. 

Let us ſuppoſe one to have a collection of draughts of a vaſt number 
of ſhips, and whoſe good and bad qualities have been remarked with all 
poſſible exactneſs, ſuch a valuable treafure would be of great ſervice to a 
perſon who could calculate preciſely by the draughts where the fault lay, 
and how it might be rectified, For inſtance, ſuppoſe a ſhip fails well, 
but carries her guns too low, a builder who is not acquainted with theſe 
principles would raiſe her deck, in conſequence of which ſhe would not 
ſail well; whereas one that could exactly calculate how much the re- 
ſiſtanee of the fluid is diminiſhed upon the prow, would take great care 
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to add no more To any of the the? parts than he told find 


Cnae. VIII. Tofind how high a $34 =") carry 2 Guns. 49 


an exact 
calculation might be done without augmenting. the 2 hag in the 


fluids. 


M. Bouguer has -poblitfct (erat uſeful problems for IM TL theſe 
caleiagsent, to Which we refer the reader, and only explain what regards 


the height of the gun det tt, and the reſiſtance of the fluid, in one ex- 
e n 


C 1 K F. vill. e 
To now ody the Draught bob high” a Ship will” carey bo ei, cut of 
© the Malen. 


„HIS! is only to know if when a ſhip i is loaded with all heriathtitonk- 
tions and proviſions on board, and ready to fail, her ſeat in the water 
then agree exactly with the load water line in the draught! 


| ks may be eue e experiments, that any floating body 
of whatſoever figure will juft fink ſo far in the water as to Uiſplace a 


bulk of water of equalweight with itſelf. 
Hence it will be necefdary;; firſt to find a method of calculating the ex- 
act weight of a ſhip ready equipt for ſea; and, ſecondly; to know the exact 


weight-of the water the * diſplaces, when loaded to the water line in 
the — 


In order to the/ firſt, the exact weight of all the timber, iron, lead, 
maſts, fails, rigging, and in ſhort. of all the materials, men, proviſions, 
and every thing elle on board the {up muſt be known; 

It muſt be confeſſed that this is a very laborious taſk, yet the zeal of 
our modern builders: has ſurmounted all theſe difficultics, and got the 
exact weight of a ſhip of each claſs with all its furniture, and fix months 
proviſions on board. It will be ſufficient for our purpoſe to give the par- 
ticulars, of the two followings, one of 30 and another of 50 guns, both 
ready equipt for ſea, with ſix months proviſions on board. 
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An er of the Weight of the RE N OME E Frigate Y Thirty 


, * 


Guns, with Six Months Proviſions. + 
Wx1GHT of the HuLL.. 


WEIGHT of the FURNITURE. 


Maſts compleat ſet and ſpare 
Blocks 
Pumps 
Cables and Hawſers 
Sails and their Caſes 
Anchors and their Stocks 
Cordage for the rigging 
The maſter's Stores 

Boats 


Pounds. | Pounds. | Tons Pds 
3000 | 37000 | 20 o 
1000 5444 2 444 
1734 670 | I 404 

24444 112 444 
43323 | $798 | 4. 000 
2611} 8944 4 1555 
172824 8 1282 
3333 E 133 

6666 3 666 

40344 | 75784 | 58 128 


Wich of the PRovIsIoNs, &c. 


Proviſions for 6 months for 200 men 
with all their equipage 


Water for two months and a half 
Caſks — 


The Captain's table 


Total 


Cubic] Under Above] Total 
feeet | water | water . | in Tuns. 
Oak tim- f under w. at 72 1b. per f. 6 — e eee 
aK Um- 0 1 5 3 
ber f above w. at 66 15. on 1192720 299 800 
as under water 
Fir at 50 /b. per foot | See water = 90 28000 29 900 
Carved work 2200 | Tx 200 
Iron knees and ſtandards . 4200 7010 5 1210 
Bolts, rudder irons, chain plates, nails 11650 6558 9 208 
Lead for the hauſe holes & ſcuppers 2 50 430 o 680 
Locks | 170 1 
Oakum 1200 10e 41109 
Pitch and Tar — 6800 © . 650 
Paint — — 440 O 440 
In the Cook room — $000 4 ooo 
Total 453380 | 248008 | 350 1388 


Under | Above | Total 
water water in Tuns. 
Pounds. Pounds. Tons Pounds 
24620 | | 122 1420 
Vs \ 
I 00000 £Q- 000 
32800 16 800 
15000 £000 | 10 ooo 0 
393220 | 5000 | 199 220 


(310 


: 


" 


Werler of the OF FIcERS STORES. 
Under | Above | Total 
_ water water in Tons 
Pounds. | Pounds. Tons | Pds 
The Carpenter's Stores 3000 | 1000 2 OO 
The Caulker's Stores 1000 10 1000 
The Surgeon's Effects 2400 I 400 
The Pilot's Effects 740 360 | o 1100 
The Chaplain's Effects | Liebe 316d; 
7140 | 1460 | 6 


k 
* 


WE1GHT of the Guns and AMMUNITION. 


Under | Above | Total 

water | water | in Tons 
Pounds. | P unds. | Tons Pds 
Iron Guns | 60300 30 300 
Carriages fitted — 14000 | 7 00 
Balls round and croſs bar 11370 2430 7 OO 
Balls of one pound — 600 0 600 
Powder and Powder Barrels. 7108 112 | 3 1320 
Implements for the powder 1368 132 © 1500 
boy meta ann Gunners Uten- 3200 1:00 | 2 900 
Muſquets, Cutlaſſes, and Pole Axes _ 2001 © goo 
| 23840 | 79374 | 51 1220 


Wricnr of the ME and their Equiyacz, 


Under | Above | Total 
water water in Tons. 
f : Pounds. Pounds. Tons Pounds 
8 principal Officers and their Effects 4000 | 2 'ofs) 
200 Men and their Effects 40000 | 20 OO 
Total | 44000 | 22 Oo 
100 ©OO 


BALLAST 200000 | 


RECAPI- 


0 $4 ) | 


We 
AECAPITULATION | 
Under | Above | Total 
water | water | in Tons, 
PEER FR: Pounds. Pounds. | Tons Pounds 
The Hull r 453380 248008 | 350 £541 
The Furmiture — 40344 75784 n 
The Provifions — 393220 | 5000. | 22 170 
Officers Stores —— 7140 1460 699. 
| Guns and Ammunition 23840 79374 | 1 1220 
| Weight of the Men | | 44000 | 22 oo 
| Ballaſt—— — 200000 100 OO 
Total 1117930 | 453626 | 785 1556 


An Eftimate of the Weight of a Frigate of Fift 'y Guns, with Six Months 


Proviſions, 
Under | Above] Total 
: water - | water | in Tons. 
Pounds. | Pounds. | Tons Pounds 
The Hull —— 774270 769134 771 1404 
The Furniture — 98237 163184 130 1421 
Ballaſt — 300000 150 ooo 
Guns and Ammunition 67960 1993 20 1 133 1280 
Proviſions — te 659400 8090 383 1400 
ee * TR. — 9800 2800 6 600 
n eir quipage 77000 38 1000 
1909667 | 1219438 | 1564 1105 


But as all ſhips of the ſame claſs are pretty near the ſame dimenſions, 
and have the ſame number of guns, &c. we may have the exact weight of 
each only by examining the, draught of water, and computing the weight 
of that column of water which is diſplaced by the ſhip. 

Now- it the. [ntrepide weighs 2718 tuns, ſhe. muſt fink fo far into the 
water till the has diſplaced a column of water containing 734 59 55 cubick 
feet, for a cubick foot of ſalt water being ſuppoſed to weigh 74 Ib. the 
73459 57 will weigh 5436000 Ib. or 2718 tuns, or if ſhe diſplaces 


73459 ++ cubick feet of ſalt water, we may thence conclude that ſhe 
weighs 2718 tuns. 


In like manner, if the weight of the a which is to be laid down in 
| the 


— 2 — 


En. VIII. To fnd hrohight Ship will carry her Guts. 83 
the draught be known as, for inſtanda, that of a qhip of 78 guns, is 23 50 
tuns, we may with certainty know if the water line in the draught be pro- 
perly placed, only by reducing the bottom into cubick feet. | 

The antient builders were unacquainted with the manner of perform- 
ing this, but our moderns make an exact calculation of the contents of 
the bottom before they begin to build, whereby they will be ſure to 
| keep the lower tier of guns well out of the water. 

If a ſhip's body were any regular figure, the ſolid contents of it could 

eaſily be found r but as the caſe is quite otherwiſe, we muſt 
be ſatisfyed with dividing it into ſeveral parts, of Which we may have a 
great number, and they will thereby become ſo ſmall, that they may, 
without any ſenſible error, be eſteemed as regular figures, limited by ſtreight 
lines, tho' ſome of them are actually curves. 1031 
In the draught of the 70 gun ſhip which we have laid down, the bottom 
is divided on the plain of elevation into ſeveral parts, in a vertical way 
by the lines that repreſent the frames; and in an horizontal way by the 
water lines, ſo that the whole may be ſaid to be divided into ſo many 
parallel pipedons, A, B, C, D, or a, 6, c, d, contained betwixt the two 
frames 6 and 7, and limited on the fide AB by a plain ſuppoſed to be 
erected vertically upon the keel, and on the other ſide by the round of 
the outſide of the fhip, at the height of the breadth water line, or a c. Now 
it is very plain that the area of the ſurface, which limits the lower part 
of this folid, is leſs than the area of the ſurface, which limits the upper 
part: But if we increaſe the water lines, and frames we may find the ſolid 
contents to a ſufficient exactneſs for our purpoſe. 

Now, in order to find. the atea of the upper furface AB DC, let 
AC be 16 feet 11 inches, and B D 13 feet 6 inches; add theſe two, the 
ſum is 30 feet 5 inches, the half of which is 15 feet two inches and a half, 
and this ſum multiplyed by A B, which ſuppoſe 8 feet, the diſtance be- 
twit the frames, the product is 121 feet 8 inches, the area of the upper 
ſurface of the parallelopipedon. | 1 N 

The area of the lower ſurface of the parallelopipedon may be found 
after the ſame manner, which ſuppoſe y feet 4 inches. Now, if theſe 
two areas be added together their ſum will be 219 feet, the half of which 
is 109 feet 6 inches for the mean area, and this multiplied by 4 5, the 
diſtance betwixt the water lines, which ſuppoſe 4 feet 4 inches, produces 
474 feet 6 inches cubick. 

By the ſame proceſs we may find the ſolid contents of the other parallo- 
pipeds, and adding them together, and doubling that ſum we fhall w— 

' | tne 


54 Tofind how high a Ship will carry her Guns. CAP. VIII: 
the ſolid content of the whole! bottom of the ſhip; in cubick feet to a 
ſufficient degree of exactneſs. 

I made uſe of this method before Mr Bouguer 5 treatiſe was publiſhed; 
where there is one which is more convenient and expeditious, for in- 
ſtead of finding the area of every ſingle ſurface contained betwixt the 
ſrames upon the ſection of a water line, he finds by one operation the 
area of the whole ſurface formed by the horizontal ſection or water line, 
except that part intercepted betwixt the aftermoſt frame and the poſt, 
and the part contained betwixt the the foremoſt frame and the ſtem, 
which upon account of the rake muſt be meaſured ſeparately, as alſo all 
that lies betwixt the upperſide of the keel and the firſt water line. His 
method is as follows: 

Take the lengths of all the lines that ede the Dames ON the Kori 
zontal plane, add all theſe together, excepting the foremoſt and aftermoſt, 
of which take only one half of each, ſo if it were required to find the 
area of the ſurface formed by a horizontal ſection in the plane of the load 
water line, it will be =» ZZ+BD+AC+IH+LK, Sc. + z XS TAB, 
ſuppoſing AB to be the diſtance betwixt the frames * ſpaced betwixt 

Z and NO. 

To demonſtrate this, let it be conſidered by what operation the two 
trapezia ABDC and HIAC are meaſured. We obſerved in the preceeding 
article that this was performed by adding the length of the lines BD and 
AC together, and then taking half that ſum ; the length of the lines AC 
and HI, muſt likewiſe be added together, and the half of that ſum taken; 
now it is evident that it will be ſame thing to take half the line BD, and 
half the line HI, and the whole line AC, and add all theſe three together, 
becauſe the line AC, is common to both the trapezia. 

After the areas of all the water lines are thus found, the ſolid content 
of the ſpace contained betwixt the water lines may be had by multiplying 
the arca by the diſtance between the water lines: But becauſe the areas 
of the two ſurfaces which limit this part are unequal, a mean area muſt 
he found; this is half the ſum of the two areas, ſo that all that is now to 
be done, is to add the areas of the water lines into one ſum, excepting that 
of the upermoſt and lowermoſt, of which only one half of each muſt be 
taken, and if this ſum 1s multiplied by the diſtance betwixt the water lines, 
the product will give half the ſolid content of the bottom, obſerving that 
the water lines in the Plain of elevation be equally diſtant from one 
another. 

The application of this method in finding the cubick feet contained in 
a 70 gun ſhip laid down in the draught. 


The 


CRF. VIII. Toad thowrhixh a Ship will carry: her'\Guns, . 55 
The forepart is divided int eight and tlie after into nine equal parts, 
beſides that betwixt the aſtermaſt timber and the poſt; and that betwixt 
the foremoſt timber and the ſt( mmm. 
The bottom is likewiſe divided into four equal parts by water lines drawn 
parallel to the load water line, all which are formed upon the horizontal 
plane, for it will be very uſeful to know the ſolid content of each par- 
ticular part contained betwixt the water lines, alſo to diſtinguiſh that of the 
fore body from the after body, whereby we may be enabled to know if 
the weight be duly poiſed. We ſhall conſider all this in the following 
calculation. | 4 | 952 [1 £1210 
Note, there muſt be four inches added to each line that' repreſents the 
frames in the horizontal plane for the thickneſs of the plank, that being 
nearly a mean betwixt the thickneſs of the plank next the wale, and that 


next the keel. 44. Me Fe ANT ank. 
The Area of the Upper Water Line abaft. e, 4 
The breadth of the ſurface at the load water line, upon the midſhip 


KUL 


frame 4 Q_1s 21 feet 2 inches, DT feet, inch, 
* eee — — r 
ſiſt Frame — m — — „ — «IE «© 2 
| 2d Frame '—— — — 20 11 
3d Frame — — — 20 9 

Breadth at \ th Frame kfſ.ê˙!. — ** . 

| 6th Frame —— — — 18 11 

| 7th Frame | — . :, — ——ů— 17 4 
| 8th Frame — 15 7 


The th Frame X S is 12 feet 9 inches, one half of which is 6 42 
| Rn 
which total doubled is 343 feet 11 inches, and multiplied by 8, 
the diſtance bctwixt the frames, is the whole area of the water p 2751 4 
line from the midſhip to the after frame, in cubick feet 
To this muſt be added 'the area of the trapezium XS Le 
Now half of the lines X S and Le is 10 Feet o Inches 
Diſtance betwixt them is N 9 | 


8 


ng, 


Product i 6 
which being doubled is — 193 © 
The whole area in cubick feet 2946 4 


By uſing the ſame proceſs we may find the areas of all the other water 
lines, and adding all theſe areas together, excepting that of the firſt and 
fifth, of which taking only one half, multiply this ſum by 4 feet 5 inches, 

| | which 


| 
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— high Ship; will arty bir" Gun”  ChAb. HD 
which is the diſtance betwixt them, we-ſhall: have the area in; enbieł feet 
of that part of the ſhip abaſt the midſhip frame, contained Amen the 


lower water line, and oad water line, 


| | g r ln i in * nh p- 
Half the area of the load water line —̃ͤ | * 1478; - 2.a 0 
Whole area of the 4th water line — — 2316. 1 4 0 
Whole area of the 3d water line — 20320 40 
Whole area of the gd water line — 1452 ro 7c 
Half the area of the ft water line — n 
Total 7638 5, 5 6 
Multiplied by the diltande betwixt the water Ines — 4 5 0 . 
Product in cubick feet betwixt the lower, and Toad water line 3 33730 ᷣ 6 1 7 
Betwixt the lower water line and kee! —: 333 6 3 
Keel and poſt — — 101 8 00 
Cubick feet abaft the midſhip frame under water, when loaded 34171 8 4 3 6 
Cubick ft. before the mid ſhiꝑ frame under water, when loaded 28928 6 1 . 0 
Total cubick feet under water 1 = 28999: 20828 
Multiply by the wie of a cubick foot of ſalt water — pounds 74 


S | 


We have omitted the operation for the fore part; becauſe it is ws 
formed exactly by the ſame method with the after part. 

It muſt be obſerved that in finding the cubick feet of that part contained 
betwixt the lower water line and upper ſide of the keel, we muſt take 
the heights of all the frames intercepted betwixt theſe two lines, and di- 
vide their ſum by the number of frames abaft the midſhip, the quotient 
will be 1 foot g inches 9 lines. 


Feet In. Links; 
The area of the lower water line is —— 288 6 4 
The area of the upper ſide of the keel — 79. 6. © 
| Total 368 O +” 
one half is 184 © 2 


Area of that part contained betwixt the lower water line and keel 333 6 3 


The uſe of the preceeding calculation is to know if the load water 
line upon the draught be properly placed. 

It has been found that a ſhip of 70 guns, with every thing on board, 
ſhould weigh nearly 23 50 tons, which is only 15 tons 1297 pound More 
than what is found by calculating from the load water line in the draught; 
this difference. would-occaſion the ſhip not to draw above one inch more 

| water 
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water it is got worth the: fegardigg, But then by this calculation we, 
diſcover that che ſhip is tgo jean belong 3 8 the fore part ſhould 
exered the after part hy 30.498, we figd, by this'caleulatian, that che after 
part exceeds the fore part by 193 tuns 1995 pounde. 
| Upon this account we; maſt conſider careflly if the, midſhip frame i 
roperly;, placed; it ig hege 5 feet before the middle. If the midſhip 
frame was exactly in the middle it would augment the weight of the fore 
part 102 tuns 307 pounds, apd re the after part exactly the 
lame quantity, by which.means the fare part would be 1172 tuns 1014 
pounds, and the aſter part 1162 tuns. Now we may fill out the fore 
part, 19 as to gain 15 tuns 630, pounds, which was deficient, to make the 
calculation taken from the draught, agree with the real weight propoſed 
far a ſhip of 70 guns fitted out for ſea, with fix months proviſion on 
board; and the fore-body will weigh 25 tuns 12 55 pounds. more than the 
alter part, which may be judged ſſufficiennt. 
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A method to | calculate the Rehlance of the Water upon the 
fare Part of the Ship, 


ATT. Y Experience ſufficiently proves that the fluids, by their 
motion, irthck the ſolids that oppoſe them, as bridges, mills, Sc. 
with ſuch violence as to carry all before them; and this is agreeable to 
the very nature of fluids. | | 

For all flujds are an aſſemblage of a prodigious number of fmall ſolid 
bodies of a globular form, each of which being eaſily put in motion will 
a& upon any ſurface with the ſame force that any other ſolid body of the 
like maſs would do. But as theſe particles have but a very ſmall cohe- i 
fion with each other, fluids cannot act with the ſame force as ſolids which | 
have their parts united. _ _ | |; | 
A maſs of water of 20 cubical feet will not act with the ſame force 
upon the pier of a bridge which oppoſes it, as a maſs of ice of the ſame 
dimenſions; becauſe the whole, maſs of ice having its parts ſo united to- 

- gether, that one cannot advance*without the other, it gives the blow with 
the united force of all the parts at once, whereas the parts that compole 
the maſs of water, being but ſlightly united, they cannot act jointly or in 
concert, and they exert their force one after another; they indeed | ane” 
one another immediately, and. are a 1 2 united by their reciprocal ow” 

| * ie: 
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58+ +41 e the Reſiſtance of Fluid. , Cnav. IX. 
ſure ; but 8 its own peculiar. velocity, ſo it makes its ef- 
fort ſingly by itſelf, and, being eaſily put in motion, it will be as eaſily 
turned out of its direction, the parts being only retained together by the 

Bk ty *#: 3 TES 4: wh . * 


weight of thoſe that come next them. 


Fluids have a continual effort, becauſe when à certain number have 
produced their effect they are ſucceeded by others as long as the cur- 
I Ion nr Fine een 
Hence it will follow, that when a veſſel is left to a current of the ri- 
ver, it can receive no more velocity than the current has, and its velocity 
will be accelerated till it is equal to that of the current. 
If, onthe contrary, any floating body receives a motion in a contrary 
direction to that of the current, it will be continually retarded, till it 
has none, and then it will change its direction to follow that of the current. 
We ſhall here remark, that it is indifferent whether we aſcribe the 
motion to the ſolid or to the fluid; for the impreſſion of the water upon 
the ſhip's ſtem is the ſame when under fail, as when at an anchor, provi- 
ded the motion of the current be equal to that which the - ſhip acquires 
by failing, 1 8 NA ie | 
7 he effort of fluids is as the ſquare of the velocity of the current. 
It is very plain that the more rapid the current is, the greater will 
the impreſſion of the fluid be; for the parts will then ſhock the ſolid with 
greater force than when it runs ſlowly; ſo that the force is augmented in 
proportion to the velocity. Again, the number of the parts af the fluid 
that ſtrike the ſolid in any ſpace of time, is in proportion to the velocity 
of the current; for the faſter it runs the greater will be the number of the 
parts that ſtrike the ſolid in a ſpace of time; ſo that not only the effort 
of the fluid, but likewiſe the number of parts that attack the ſolid, is 
augmented in proportion to the velocity of the current, and when theſe 
two are united, the effort of the fluid will be in a duplicate ratio of the 
velocity; ſo that if the velocity be doubled, the ſhock will be quadrupled. | | 
Hence, the faſter a ſhip goes through the water, the Fxcater will be the | 
reſiſtance ſhe meers with, and this will be augmented in a duplicate ratio 
| of the velocity with which ſhe fails 1 88 
_ The impreſſion of a fluid increaſes as the ſurfaces which oppoſe its 
current. a | | | 
Ir is very plain, that if one ſurface is double another it will receive 
double the number of the parts of the fluid, and of conſequence the im- 
preſſion will be double upon a ſurface, whoſe area is double the area of 
another ſurface. Hence thoſe ſhips whoſe midſhip frames have the 
greateſt capacity meet with moſt reſiſtance, | 
The efforts of fluids will be leſs when the ſurfaces are in an oblique 
polition to the current, than when in a perpendicular poſition. | 


% 


Plate 
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CAP. IX. Of the Reſiance of Fluids. 59 


Pilar Iv. Fig. ] Let BA repreſent the courſe of the fluid ſetting per- 
pendicularly onany body A B; it is plain, that it receives the imp 7 155 
of all the parts of the fluid contained between A and B; whereas, 
point B be moved to D, the parts of the water contained betwixt B and. 
G will have no impreſſion upon A D. Hence the quantity of the fluid 
which attacks AB is to that which attacks AD as A B is to AG; 


that is, as the radius is to the ſine of the angle of incidence E A D. But 


if there were no other ad vantage gained by this oblique poſition, than 
being expoſed to fewer parts of the fluid, it would be of very little 
ſer vice to a ſhip which muſt have a ſufficient breadth, ſuppoſe AB; it is 


plain, the number of the parts of the fluid which give the impreſſion will 


be the fame, when the fore part of the ſhip is in the form of A D B, as 
when it is flat in the form of A B; but the fluid which exerts its force 

on the ſurface A D B does not produce the ſame impreſſion. as when it 
exerts its force on A B, becauſe the direction of — particle of water, 
which ſtrikes any ſurface obliquely, may be reſol ved into two Airectiona 
one perpendicular, and the other parallel to the plane. 

In order to give us an idea of compound mot ions, and of a 
of their forces, let us ſuppoſe two rulers A A and B B, (Plate IV. big. 5.) 
placed upon a plane at right angles to one another, and a ſmall ball C ta 


oed at the angle of their meeting, it is plain, if we ſlide the ruler B 


a parallel poſition to itfelf, it will carry the ball O along the edge of the 
2 — A Az; but if both the rulers be made to ſlide together, ſo that they 
ſtill preſerve the ſame angle, in ſuch a manner that when the 1uler A A 
arrives at the line VII, VII, the ruler B B arrives only at the line 3, 3. 
It is plain, the ball will deſcribe the diagonal of the parallelogram C, 
VII, D, 3. the ſides of which will be proportional to the diſtance the ru- 
lers have moved, that is, D VII is to D 3 as 3 to 7; but if the rulers 
be ſuppoſed to be moved equally, ſo that when A A arrives at the line 
VII, II, BB ſhall arrive at the line 77, the: ball. will: deferibe the 
diagonal GF of the ſquare C VII, F777 

Now, if we ſubſtitute any other two agents in the pltce of the rulers, 
ſuch as two hammers, and: both be ſuppoſed to. ſtrike the ball with equal 
force at the ſame time, it is plain, the ball will go in the direction of the 
diagonal CF; but if the force with which one hammer ſtrikes the ball 
be to that by which the other hammer ſtrikes the ball, as 4. to 5 then 


the ball will move in the direcion of the line C D. 
| 
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The princidal Elte of Compound Motos, (PTV. Fig. 69 


If two powers C arid B act with equal foree on the body A, but in the 
contrary directions of the lines C A and B A, the body A will remain at 
reſt ; but if one of the powers acts with greater force than the others the 
body will follow the direction of that which ane ditniniſhed by 
the quantity of the ſmaller force. 

2d, If two powers D and E act upon the body Aint the ſame region 
viz. in the lines DA and E A, the body A will follow the direction of 
both, and paſs through the point F, with this only difference, that it will ö 
go with greater velocity when impelled by both powers than with one. 7 

3d. Let the two powers G and H ſtrike the ſolid A, in the direction j 
df the lines G A and H A, it will thereby receive a compound motion, 
the force and dire&ion of which may be expteſſed by the diagonal of a 
parallelogram, as was before el | 


In order to conſtru@ this parallelogram, which: is called the reſelmtion 
of the forces, let the two 


powers G arid H be -ſuppoſed equal and ex- 
preſſed by the lines H A and G A; from the point G draw the line EG 


equal aſid parallel to H A, and the — E A (the reſult of the two | 
powers repreſerited by the ſides of the parallelogram H A and GA) ſhall 
expreſs the velocity and direction of the com pound motion; the effect of 
which will be, that the body A will be carried to the pbint F. Bat ſuppo- 
fing the forces unequal, and let that of H, (Eig. ↄ) repreſerited by the line 1} 
H A, be double that of G, repreſented hy the line R A then from the point ( 


R draw the line RS equal and parallel to H A, which ſhall expreſs the 

force and direction ofthe power H; and from the point H draw the line HS | 

parallel to RA, which will expteſs the force and direction of the power 

| G; the diagonal S A expreſſes the velocity and direction of the body A; 4 
wich will paſs through the point T, ron it the pres” were equal, | 

it would paſs through the point F. . 

It may be remarked, that two attractive powers placed at P and 

would produce the ſame effect as two impulſive powers at G and H, an | 

that the | may be conſtructed on the lines A RE AP, 


CONSEQUENOES. 


iſt, The acuter the angle of the direction of the power i is the nearer 

will they approach to one direction, and act with greater force ; ſo the 

— reſult of G and H is greater than that of K and I, ſuppoſing the powers 
to be equal. | Sz 


2d, 


Civ. IX. O the Ne ſtance of Fluid. gr 
ad. The greateſt effect of two powers is, when they both act in the 
- fame Uire@tion, and the leaſt when they act in contrary direGions, 

3d. When two equal powers act in ſuch a direction that they ſorm an 
afigle of f 20 degrees, as AK and AT; in this and in no other caſe, the 
reſult will be equal to the ſingle force FA For AK; it only changes the 
direction; for when the two powers act jointly, A will be carried to F, 
whereas if K only acted, it would be carried to T; or if 1 oY, added, 
A N „ be catried to V. 
If the direction of two powers make an angle leſs than 120 de- 
9 as G A and H A, they will aſſiſt one another; but if they ſorm an 
angle greater than 120 degrees, as LA and A M, hy will be_ recipro- 
cally diminiſhed. | "Oy 10 By: 


The Reſults of a Motion anpreed on 4 Body Ke in Relation to 4 
Surface a b, which qppoſes TY. (Plate IV. Fig. 6.) 


1ſt, When a body ſtrikes a ſurface obliquely it will be with leſs, force 
than when it ſtrikes it perpendicularly ; for it may ſtrike it 16 obliquely ag 
ofily to graze along it; between the perpendicular ſhock, which is the 
greateſt, and the oblique, which approaches neareſt to a parallel to the 

rface, there may be an infinite number of directions, lets or more ob- 
que, and the ſurface. will be ſtruck with more or leſs ſorce. 

2d. If the two powers are united in D, they will act, in the direction 

D F. with great 7955 upon 4 b, becauſe they not only act jointly, but 
likewiſe in a perpendicular direction upon the ſurface 4b. 

3d, If the two powers be equal in force, and act in the direction of the 
lines G A and H A, the body A will alſo fall perpendicularly on the 
ſurface 4 h, but with leſs F es than in the firſt caſe, becauſe of the obli- 
quity of the directions. 

- 4th, If the power H have double the force of the power G, then the 
direction will be changed into the line 8 A, (Fig. 9.) and the body will 
ſtrike the ſurſace obliquely in the direction of 115 lige 8 T, but with 
leſs foree than in the ſecond caſe, not only on account of the diminution 
of the force of the power G, but alſo on account of the obliquity of 
the ſhock. * 

5th. It will be indifferent whether the body A receives its impulſc 
from one ſingle power, or from two, fo that it ſtrikes the ſurface a6 in 
the ſame direction. Hence we ſhall have no occaſion to conſider the 
powers which give the mot ion, but ew the velocity are the direction i in 
which they ſtrike the ſur face. 

"REL It will produce the ſame effect, whether we change ide ine of 


direction 
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direction, in which the body A ſtrikes the ſurface a h, or (change the po- 


ſition of the ſarface'ab in reſpett of the line of direction. 

From what has been ſaid, it will follow, that if the common effect 5 
two powers acting upon the ſame body be known, and alſo the direction 
and force of one of them, then the direction and force of the other may 
be found; for let the body C (Fig. 5.) be carried to the point D by the 
action of two powers, and one repreſented by the line C, VII; Go the 
line D; equal and parallel to C, VII, and compleat the parallelogram, ſo 
ſhall C 3 expreſs the force of the other power. 


The Application of what has been ſaid to the Shock of Fluids. 


We have hitherto conſidered the ſhock of a ſolid body in different di- 
rections upon the ſurface of another ſolid, but we will readily grant that 
fluids do not act in the ſhock in the ſame manner that ſolids do. It is 
very probable, that when a fluid falls perpendicularly upon a ſurface, 
there is a mals. of water that reſts immoveable before the ſurſace, which 
occupies the place of a ſolid body, and has nearly the ſame effect as if 
the ſurface was round, ſo that the fluid does not attack the body that op- 
poſes it in a direction perpendicular to its courſe; beſides, the particles of 
water which attack a ſurface, whether obliquely or not, may rehound 
and change their direction, ſo that the laws. of fluids are quite different 
from the laws of ſolids in the ſhock. 

The oblique direction of a particle of water may be reſolved into one 
that is perpendicular to the body which oppoſes its courls, and one that 
is parallel to it. 

In order to conſtruct this reſolution, (Plate IV. Tig. IT.) upon the 
line AC inclined to the current, form the parallelogram A I EF 
(AE repreſenting the velocity and direction of the current) making EF 
parallel to CA and E H perpendicular to CA. The diagonal E A, 
which repreſents a particle of water and its velocity, will be the reſult of 
a motion ſuppoted to be produced by two powers, one parallel to A C, 
whoſe force and direction is repreſented by E F, the ſide of the 
parallelogram. 

Hence it will follow, that en a ſurface is expoſed to the ſhock of a 
c 1rrent, in different oblique directions, the force of the direct ſhock is to that 
of the oblique, as the ſquare of the radius is to the ſquare of the ſine of 
the oblique angle of incidence; for the effort of the particle E A, which 
ſtrikes the body AB, in a perpendicular direction, is to the effort of the 
ſame particle of E. A, which ſtrikes the body AC in an oblique direction, 
as E A is to EH; but E A is to E H as A B, the ſine of the right 


angle, 
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angle, is to A G, the ſine of the oblique angle of incidence, - But it Was 
before obſerved, that the ſum of the particles that ftrike A B is to the 
ſum of the particles that ſtrike A C as the radius is to the fine of the 
angle of incidence. Hence, by multiplying the effort of one particle, by 
the number of particles that ſtrike AB; (that is, the effort of the whole 
water upon A B) and multiplying the effort of one particle, by the num- 
ber of particles that fall upon A C, (that is, the effort of the whole fluid 
upon C A) we ſhall have the following proportion : The effort- of the 
whole fluid upon AB is to its effort upon AC as the _— of the ra- 
dius is to the ſquare of the angle of incidence. 

When the ſurfaces A B and AD, which oppoſe the current A E, are 
unequal (Plate IV. Fig. 10.) the quantities of water which ſtrike theſe 
ſarfaces are as the product of the ſurfaces by the fines of the angles of in- 
cidence; from whence we ſhall have the following proportion: The ef, 
fort of the fluid upon AD is to that upon AB as the ſquare of AG, 
the fine of the angle of incidence multiplied by the ſurface A D, 1s to the 
ſquare 1975 A B the radius, multiplied by the furfac AB. 


CONSEQUENCES. 


att, If two equal ſurfaces, expoſed to the ſame current, receive its ork 
in different obliquities, the impreſſions will be to one another as the W 
of the ſines of the angle of incidence. 1 

2d. A ſurface parallel to the current can receive no ſhock, becauſe there 
is no angle of incidence. 

3d, If two unequal ſurfaces are expoſed to the fame current, the im- 
preſſions they receive by the ſhock in different obliquities, are to one 
another as the products of the ſquares of the fines of the angles of inci- 
dence, and of the ſurfaces that receive the ſhock. 

4th. If two equal ſurfaces receive the · ſhock of two unequal currents, 
the impreſſions will be to one another as the products of the ſquares of 
the velocities, and of the ſquares of the angles of incidence. 

5th. If two unequal ſurfaces are expoſed to two unequal currents, 
which ſtrike them with different obliquities, the impreſſions will be to 
one another as the products of the ſquares of their velocities; of the 


ſquares of the fines; of the angles of incidence; and of the ſurfaces. 


All theſe conſequences may be deduced ſrom the preceding 26076-2076 | 
it only remains to apply them. 

Let AB (Plate IV. Fig. 4.) repreſing! the extreme breadth of a 
veſſel, and let the fore part be formed according to the angles A CB, 
or AE B, or ALB. In order to find the efforts of the fluid, , fuppo- 

ing 
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ſing the velocity and direction to be the ſame, and parallel to the keel, 
in the three caſes; upon the middle of the line A B, | erect the per- 
pendicular E L, which will paſs through the tops af all the triangles; 
then to find the ſines of the angles of incidence, with the radius A B de- 
ſcribe two arches AF and B F to interſect one another in the vertex of 
the equilateral triangle; the arches will interſect the ſides of the angle; 
that is leſs than 60 degrees; but not the ſides of that-which-is more than 
60 degrees, produce one of the ſides from Q to M (Plate IV. Fig. 4.) 
Laſtly, let fall the perpendiculars MD, FE, PK, upon the line AB, 
from all the points where the arches interſect, either the ſides of the tri» 
angles, or the ſides that are produced. 80 ſhall AE, AD, and A K, re- 
preſent the ſines of the angles of incidence upon the different triangles 
AFB, ACB, and AL B. 261 26 14 4 

It will be eaſier to obſerve, that the effort of the fluid upon the intire 
fore parts A CB, AFB, or ALB, is to the effort upon the extreme 
breadth, as the effort upon AC, A F, or AL, is to the effort upon AE; 
but it was proved before, that the impreſſions received by two unequal 
ſurfaces, oppoſed to the direction of a current, are as the ſquares of the 
lines of the angles of incidence multiplied by the ſurfaces, ſo, in this caſe, 
the impreſſion on AC will be to that on AE, or (which is the ſame 
thing) the impreſſion on ACB will be to that on AB, as the ſquare of 
AD, the fine of the angle of incidence multiplied by ACB, is to the 
{quare of the radius multiplied by AB. ine 

We have alſo the effort on AFB to the effort on AB; as AFB, 
multiplied by the ſquare of AE, the ſine of the angle of ineidence, is to 
AB, multiplied by the ſquare of A B the radius. This proportion would 
ſhew the effort of the fluid upon the prow A F B, in a perpendicular di- 
rection to the ſides A F and B F, which would be very uſeful, if it were 
required to determine the dimenſions of the timber, that is, to reſift that 
preſſure of water; but in the preſent caſe, where only the relative effort 
upon the prow is conſidered in the direction of the keel, we muſt form 
another reſolution. Let then C D (Tig. 8) repreſent the effort upon F B, per- 
pendicular to that ſurface, if from the point F we let fall the perpendicu- 
lar D H, and compleat the parallelogram G CPH, CG ſhall repreſent 
the relative effort upon the prow in the direction of the keel, ſo the 
whole effort upon FB, may be repreſented by F B multiplied by the 
ſquare of the angle of incidence, which is to the relative effort as FB is 
to EB: The relative effort then is equal to the ſquare of the fine of 
the angle of incidence multiplied by E B, or by the ſum of the particles 
which fall upon FB; ſo to find the relative effort on FB, we muſt 
| TY | multiply 
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multiply the ſquare of the angle of incidence by the projection of the 


plane FB upon the beam EB, © 4 SPI? 
.  Tho' this method cannot be truly applied but to rectilineal 
yet, by dividing curves into a number of ſmall parts, each may be con- 
lidered, without any ſenſible error, as a ſtrait line. M. Bouguer makes 
uſe of this method of approximation to a fufficient degree of exactneſs. 
What we have already ſaid upon that head, it is to be hoped, will faci- 
litate this deſcription to ſuch as have only a flight knowledge of the ma- 
thematics ; ſo that all*that remains now is to apply this to the draught 
of a ſhip of 70 guns, which has been already laid down. 


A Calculation of the Reſiſtance of 4 Fluid upon the Prow 75 the ſhip of 70 
Guns, which we bave laid down in a draught compared with the Effort 
e the ſame Fluid upon the Area of the Midſbip Frame. 


As the operations are to be performed upon the plane of projection 
before laid down, all the frames in the fore part muſt be exactly formed 
as before in Plate II. in order to which it will be neceſſary to make 
uſe of a larger ſcale, as in Plate V. | | 
It will be very convenient to draw the water lines I, II, III, Sc. and 


the frames 1, 2, 3, Sc. to the midſhip frame at equal diſtances from one 


another, | 
It is plain, that the water lines and frames divide the prow into trape- 
Zia, ſuch as ra, $6, 7c, Sc. correſponding to the trapezium ab, and 
parallelogram ad in the plane of elevation Plate II. 
It will be neceſſary to obſerve, that there muſt be ſo many water lines 
and frames that the lines 8 @, 74, 6c, &c. which are curves, may be 
eſteemed ftrait lines, | | 

We muſt-draw the diagonals ra, 86, 7c, Sc. through the trapezia ; 
but we may take two trapezia at once near to the midſhips, becauſe the 
ſhips ſides are there nearly parallel to the current. F I | 
It will likewiſe be proper to obſerve that theſe diagonaB *are the pro- 
jections of the diagonals of the parallelograms repreſented. upon the plane 


of elevation, at leaſt, on the ſurface of the ſhip ; as for inſtance, the dia- 


gonal 8 &, on the plane of the projection, is the projection of the diagonal 

947 drawn on the plane of elevation. | 

* Theſe diagonals divide the prow into the triangles 1, 2, 3, 4, &c. which 
ſtrike the fluid with different degrees of obliquity, 

Wie have not the entire areas of theſe triangles, by reaſon of the curving 

of the prow, but only their projection on the midſhip frame; but this is 

all we want, for the ſum of all the particles of water that ſtrike the tri- 
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angles are proportioned to the triangle projected on the midſhip frame,; 
ſince the water that ranges along each triangle may be conſidered as a 
triangular priſm, the baſe of which is equal to the triangle 148, Fig. 1, 
Plate V. and this was the thing in queſtion. Mr. Hauguer propoſes to cal - 
culate the effort of the fluid on each triangle, their ſum vill give the ſhock - 
of the water upon the whole prow, and compare this to the ſhock of the 
fluid upon a ſurface parallel to the area of the midſhip frame; - 
To attain this Mr. Bouguer lets fall perpendiculars to every frame, 
from the angles formed at the interſection of the water lines and the dia- 
gonals that were drawn to form the triangle; for inſtance; upon the frame 
8, the perpendiculars /5 and rp; upon the frame 7 8, the perpendicular 
8m on one ſide, and the perpendicular 2c on the other fide; &c. 

This method requires that there be as many right angled triangles 
formed as there are triangles on the prow, and as there muſt be a great 
number of them, it will be neceſſary to find ſome method of forming 
them. The following ſeems to me to be the moſt itious. 

Draw two parallel lines BD and CR; let the diſtance betwixt them 
be equal to that betwixt the frames on the plane of elevation, and by this 
one operation we have the height of all the triangles that are contained 
betwixt the parallels. | | 

As the baſe of all the rectangles ſhould be equal to the perpendicular 
of the correſponding triangle of the prow, we may ſet off the length of 
each perpendicular upon the parallel C R; ſo ſhall CH Hg. 2, be equal 
torp, Fig. 1; HL, Fig. 2, equal to sa, Fig. 1; LE equal to 8M, &c. 
to compleat the triangles, draw the perpendiculars HN, LM, and the 
hypothenuſes D H, NL, &c. 

If one of theſe rectangles be conſidered ſingly, DH may repreſent the 
radius, and C H will be the fine of the angle of incidence. 

All theſe triangles being deſcribed, we may begin to find their areas on 
the plane of the projection, becauſe it is upon this that the relative impulſe 
in the direction of the keel depends, which is the thing now required, as 
was before obſerved. Af Pip 

The ſurface of a triangle is found by multiplying half the baſe by the 
perpendicular, ſo the ſurface of the triangle v, a, 8, will be the product of 
the perpendicular p, (equal to CH) multiplied by half the baſe @ 8, and 
this will be the ſum of all the particles which ſtrike the triangle 7, a, 8, 
Which is an element of the prow of the ſhip. | 
In order to find the relative force of the fluid in the direction of the 
keel en that part of the bottom correſponding to the triangle , a, 8, it is 


only 
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only multiplying the ſurface of the triangle by the ſquare of the ſine of 
the incidence; in place of multiplying it by the ſquare of the radius, 
which would give the impulſe the triangle would receive from the water 
in a perpendicular directiai; now if we divide this impulſe by the oblique 
one, the quotient will give the quantity that the impulſe is diminiſhed by 
the obliquity of the prow ; but there will be no occaſion for this laſt ſtep, 
for as the ſum of all the products of the triangles multiplied by the ſquare 
of the radius, gives the effort of the fluid upon the midſhip frame; the 
direct effort may he found by multiplying the area of the midſhip frame 
by the ſquare of the radius, and if this be divided by the ſum of the pro- 
ducts of all the triangles multiplied by the ſquares of the ſines of the an- 
gles of incidence on each triangle, we ſhall know the diminution of the 
reſiſtance which the prow meets with in proportion to that of the mid- 

It would be almoſt impracticabl to multiply the furface of each trian- 
gle by the ſquare of the fine of the angle of incidence, upon which account 
Mr Bouguer ſubſtituted proportional lines in place of the ſquares of the 
fines, which we ſhall now explain. | + | 

It was before obſerved, that if D H be the radius, C H will be the 
fine of the angle of incidence. ' CE i l K. 

If we let fall the perpendicular C O upon the line D H, we ſhall have 
the triangle DC H ſimilar to DOC; ſo taking the equal lines CD, 
and N H for the radius, C O will be the fine of the angle of incidence. 

If we draw O P perpendicular to D C, the triangles DOC and C OP 
will be ſimilar, therefore the triangles DC H and COP will be ſimilar, 
and DH is to CH as OC to CP; but DH is to CH as DC to 
CO, and by multiplying theſe two proportions, the ſquare of D H will 
be to the ſquare CH as DC is to PC; that is, if DC repreſent the 
ſquare of the radius, P C will be the ſquare of the ſine of the angle of in- 
cidence CDH. 80 the lines CP, HQ, LG, Sc. give the ſquares of 
the ſines of the angles of incidence in the triangles 1, 2, 3, &c, which are 
to be multiplied by the ſurfaces of the triangles; and the parallels D C, 
NH, Se. always repreſent the radius. ri N i e 
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We muſt in the next place find the direct effort of the water upon the 


area of the midſhip frame, by multiplying the area by the ſquare of the 
radius. 
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Multiplied by the diſtance betwixt the water: “ 

lines, which is | F 3 | 

Product is, the area of the midſhip frame 303 3 

Multiplied by the diſtance betwixt the frames 3 o © 
85 1 Product 2420 8 


This being divided by 249: 10: 11, the ſum of the efforts of the fluid 
upon the triangles of the prow; the quotient is ꝙ v, which ſhews that 
the effort of the fluid upon the prow is to that upon the midſhip frame 
as 1 is to 9 , which is a ſufficient diminution of the reſiſtance for a 
ſhip of this force. Hence we may conclude that the water lines in the 7 
fore- body are well formed, but a frigate will require mare diminution, 
as will appear by the following examples. 
The Brillant, as 3 4 to 1, a very bad ſailer. 
The Tigre, as 5 to 1, a company keeper. 
A ſhip of 50 guns, deſigned by M. Boyer, but not built, as 8 to 1. 
. The Monarque, of 74 guns, built by M. Olivier in 1745, as 9 to 1. 
{ The Palme, of 12 guns, 4 1b. ſhot, built by M. Ollivier in 1744, as 
132 to 1. 555 bv | 
The Alid, of 64 guns, by Mr Ollivier, at Breſt 1741, as 6 f to 1. ; 0 
The Renomme, built at Breſt by Mr r 1744. as 10 to 1.— this 
ſhip, by the account of the captians, was a very fine ſailer. 
The Badine, 6 guns of z 1b. ſhot, as 75 to 1. | 
The Panthere, of 20 guns, 61b. ſhot, as 10 2 to r. 
The Amazon, of 44 guns, built by M. Blaiſe Pengalot, as 8 J to 1. 
The Superbe, built by M. Hehe, 5 2 to J. b 
The Mutine, of 24 guns, built by M. Geffre:, ſenior, as 105 to 1. 
We have _— the efforts of the fluid upon the prow of each 
I ſhip, with that upon a plane, equal to the area of the midſhip frame. 
; It will be proper alſo to examine if the reſiſtance in thoſe be leſs than 
4 in ſhips which are known to be good ſailers; but it may happen Ry a 
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ſhip, whoſe midſhip frame has a ſmall area, may meet with little reſiſ- 
tance, tho' her prow be not diminiſhed in proportion to that of her mid- 
ſhip frame; ſo it will not be ſufficient to know this proportion only, to 
be aſſured whether or not the ſhip will be a fine failer. We muſt alfo 
compare the areas of the midſhip frames, and not reſt ſatisfied with com- 
paring the efforts of the fluid; upon the prow of the ſhip we have laid 
down, with that upon the prow of a ſhip of the ſame rate, which has 
gained a good character. Ja: Jes oth 


The firſt Example of Compariſon. 


We know that the area of the midſhip frame of the 70 gun ſhip, we 
have laid down, is 606:8: 2, and that the effort of the fluid upon the 
prow is to that on the midſhip frame as 1 is to 9g 3s. Now if another 
ſhip of the ſame rate has the area of her midſhip frame 7 or 800 feet, 
ſuppoling the ſails, and every thing that may contribute to failing, to be 
alike in both; it is plain this laſt cannot ſail ſo well as that we have laid 
down, and by this example, it is very plain, that if we would calculate 
which of two ſhips would fail beſt, we muſt, after finding how much the 
refiſtance of the fluid upon the midſhip frame of each is diminiſhed by 
the form of their prows; alſo compare the areas of their midſhip frames, 
that we may know which of the two has the greateſt maſs of water to 
diſplace; but if it was only required to know, which of two ſhips of the 
ſame rate would fail beſt, it would be ſufficient to compare the efforts of 
fluids upon their prows. PIP 1 


The ſecond Example of Com pariſon. 


We have found by the calculation, that the effort of the fluid upon the 
row of our ſhip of 70 guns, is 249:10:11:7; but if by a like calcu- 
5 we find the reſiſtance upon the prow of a ſhip of the ſame force, 
and carrying the ſame quantity of ſail, to be 300 feet, we may thence 
conclude that ours will fail beſt, "HA 
It will be proper to examine, by the ſame calculation, whether the ſhip 
we have laid down, can carry a good fail, drive but litttle to the leeward, 
and ſteer well ; but as this treatiſe has already exceeded the bounds I pro- 
poſed, I am forced to confine myſelt to the two preceding conditions, 
which are the moſt important. The methods to find the other qualities 
of the ſhips we lay down, may be found in Mr Bouguer's treatiſe 
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SIGNS, NAxxs. | SIGNIFIGATIONS: | 

The ſign of addition, as 3 + 5, is 3 more p, 
4 Plone that is, the character Fs placed between any two 
3 


or more figures, ſignifies tliat they are 1558 added 
into one ſum. 


| The ſign of ſubtraction, as 5 — 13, is 6 leſs 
> ; Frans, of leſs} and fipnifies that 3 is to be taken FEA & , ” 


x Multiplied by ＋ . Ln as 5 X 3, ſignifies 


The ſign of diviſion, as 8 4, fignifies 8 di- 
— Divided by Lia 5 4s 8 

The ſign of equality, that is when this ĩs placed 

3 betwizt numbers or 4 it ſignifies that they 
= Equal to are: equal. as 5 + 3 =8, orlo—2=5 +3, 

that is, 5 more 3, is equal to 8, and 10 leſs 2, is 

equal to 5 more 3. 
| The ſign ſimularity of rao, It is always placed 
So 1s 


betwixt the two middle terms or numbers in pro- 
portion, thus 3 : 9: : 87 24, that is, as 3 is to , 
{o198 to 24+ : 


R. Radius. 
8. Sine. 
T. Tangent, 

Sec. Secant. 

S. c. Sine complement. 

T. c. tangent complement. 
Sec; c. Secant complement, 
H. Hypothenuſe. 

B. Baſe. 

P. Perpendicular. 


21 


Margin 


Margin 


Cine 8 
22 | 


7 
2 
16 
21 


22 
laſt line 
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ofdivifion, 


from the polat N, &c. 
Fig. 
Tag- i. 


in the diviſions 

5 

ig. 25 at Prop, VIII. 
CfE : 


cancel 


cancel 
Plate I. Fig. 37. 


Fig Wy Plate II. Fig. 1. 
Fig 6. ve 8, 9, 10. cancel . 
Example Examples 
Fig. 30. cancel 
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TAE TX IF 
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1 
the then 6211 
Fiz rs 1 rIXErS | 
1.14592 F 314592 
785 IT * 
whoſe diame- whoſe diameter is 1. 
line, as line | | 
Cm . C. . 1 02 
ms x C + mexCe 
83 $ OL 4 
including the areas " indodine half the areas 
before Caſe 2d. prefix Fig. 53 
Plate I. Plate II. 
O .6990 
E Deo 
as in the columns cancel | 
6.25 625 ! 9 
height length | | 
double line; on the rule double line on the rule; ; look 
I Is I, Ig, 
11, I, I, 
AC AD 
fo B ; toB 
Fig. 2. Fig. 9. 
S 88 Fig. 2. 
remarked marked 
15, 2e, 33, Ir, 2d, 3a. 
AE CAE 
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and inclination of theſe 
planes to one another be cancel 
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225 13 
225 1 
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Page Ling read 20 
18 2 a 
22 
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23 : 1 5 1 1. iy as. b ; read bx | | 
27 7 N iv | * 9111 : Cf 
27 I4 8 5 | » wo 
27 8 | x. (1 
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3 26 
3 17 C1 bY 
40 23 þ 
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62 line 32 1 5 it whoſe force and direction ia 


mann the line EH. 


Where the 2 the Plates are banned in Pat II. See Plate vu. 
and in the Appendix, See e 2. 
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